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A BRITISH ELECTRICAL ASSOCIATION. 


A CASUAL observer, looking around him, or glancing 
through the pages of a directory, might be inclined to 
deplore the diffusion of energy indicated by the 
number of scientific and technical societies and 
associations which have a more or less active 
existence—might form the belief that concentration of 
the working capacity distributed amongst these various 
bodies would result in a more material advance, and 
he would in all probability question the wisdom of 
adding fresh societies to the old ones. But this is pre- 
eminently the era of the specialist, and a more acute 
mind would not fail to discern that the division of 
labour, in scientific investigation and practical technics 
as well as in other departments of mental or physical 
exertion, is calculated to yield the greatest and the best 
results. Few will question, however, that there is 


necessity both for more concentration and further divi- 


sion. The point to be emphasised is that separation 
and amalgamation should be effected with discrimina- 
tion—that like should affiliate to like. Readers of 
these columns will perceive the force of these remarks 
when we assert that in connection with electrical work 
there is room for an association of a kind which does not 
yet exist. Perhaps the best indication of what we mean 
is afforded by reference to the National Electric Light 
Association of America, at whose semi-annual meetings 
the members discuss questions of living interest to 
practical men. Why should we not have in England 
gatherings corresponding to those which have recently 
been taking place at Philadelphia? <A few—very few 
—stray papers on kindred topics to those which have 
engaged the attention of American electric light men 
are read here and there in the course of a year—at 
meetings of the Mechanical Section of the British Asso- 
ciation, at the Society of Arts or the Society of Tele- 
graph-Engineers and Electricians, and sometimes 
at the Institution of Civil Engineers, but it remains a 
deplorable and an indisputable fact that practical and 
commercial questions do not receive adequate treat- 
ment at the hands of English electricians as a body. 
We enumerated last week the subjects which received 
attention at Philadelphia : and who shall say that those 
same subjects are not well worth discussion in this 
country ? Patent Office reform, standard gauges, uses 
for electric motors, legislation as affecting the electrical 
community, the commercial position of the telephone, 
are all subjects which afford scope for discussion, and 
upon which the interchange of experience and ideas 
would be particularly valuable. There would, of 
course, be the danger of individuals seeking self- 
advertisement and of trade jealousies arising, but the 
Americans have found an effectual mode of suppress- 


ing the former which might be as easily adopted here, 
and it is an insult to British common sense to urge the 
latter objection as a reason why questions of general 
interest should not be considered with the view to 
mutual benefit. Britons, bestir yourselves, and justify 
your claim to a foremost position amongst the peoples 
of the earth as a nation of practical men ! 


THE POLARISATION OF RESISTANCE COILS. 


IN the Electrical World of January 22nd, writes 
R. H. E. in that journal, there appears an article on 
the “Polarisation of Resistance Coils,” advancing 
theories for the cause. Since reading the article I have 
become sufficiently interested in the matter to conduct 
several experiments to satisfy myself of the truth of 
the statements made therein, and in doing so noted, 
what appeared to me, some strange phenomena. I told 
several electricians the result of my experiments and 
asked their opinions, which varied widely ; one, more 
prominent than any of the others, said that the alleged 
polarisation was nothing more nor less than a static 
charge. I have reason, however, to believe differently. 

In conducting the experiments referred to the in- 
struments used were a Thomson astatic reflecting 
galvanometer, an Elliott 10,000 ohm resistance box, 
with bridge, a Sabine key and two cells of bluestone 
battery of the sawdust type. The Sabine discharge 
key, so well known among electricians in general, is 
made to operate two circuits, and so arranged that both 
circuits may be kept open at the same time. The re- 
sistance box was connected with the galvanometer 
through one side of the key, and the battery with the 
resistance box through the other side. The galvano- 
meter was then adjusted to the point of maximum 
sensitiveness. 

After removing all of the plugs of the coils, and 
charging with the battery for one minute, it was cut 
out and discharged through the galvanometer. At first 
the scale showed a deflection of 30 divisions, and 
at the end of 30 seconds it settled dead on 10 divisions, 
and continued so to the end of the observation, five 
minutes. 

The plugs of all the other coils were conveniently 
replaced and the remaining ones charged for the same 
period as for the whole, each deflection being carefully 
noted, showing, in each case, that as the resistance 
decreased the deflection correspondingly increased. 
Finally, after all the plugs were replaced, I obtained a 
permanent deflection of 64 divisions. This circum- 
stance rather perplexed me, and it is upon this point 
in particular that I wish to be enlightened. 

Assuming that in replacing the plugs, the coils, being 
short circuited, were then in shunt circuit, then, as the 
division of the current is inversely proportional to the 
resistance, the coils would receive so little of the cur- 
rent in charging that it would not produce even the 
smallest deflection. The character of the deflection 
obtained is entirely the reverse of that obtained from 
the discharge of a condenser, which is instantaneous, 
the spot of light returning finally to zero or the place 
of starting. 

Assuming the theory advanced in the article referred 
to above, that the coils were improperly paraffined and 
moisture condensing on and penetrating the silk insu- 
lation to the wire would set up an electrolytic action, 
I removed the lid from the box (which, by the way, 
has always been kept in a dry, heated room where the 
temperature varies but little) and carefully examined 
the paraffine. The coils were perfectly free from 
moisture of any kind and heavily paraffined with 
paraffine of an apparently high grade, well adapted for 
this kind of work, for it did not show even a crack. 
This disproved the moisture theory in this particular 
case. I have no theory of my own to advance, but 
would like to know the opinions of readers of this 


paper. 
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THE PHG@NIX ARC DYNAMO 
(SINGLE-MAGNET TYPE). 


WE illustrate this week a dynamo machine for are 
lighting recently constructed by Messrs. Paterson and 
Cooper. Hitherto the are lighting machines of this 
firm have been of the double-magnet type, excepting 
those of the very smallest size, but the machine here 
illustrated is capable of supporting 14 are lamps in 
series, each requiring 50 volts and a current of 10 
ampéres. In the present machine the magnet lies 
horizontally, consisting of two wrought iron cores 
attached to a cast iron yoke piece which also serves as 
a support. In future are machines of this class, the 
horseshoe will be upright with the armature at the 
top, and it is likely that the magnet will be in one 
solid forging similar to incandescence machines by 


courtesy of the makers we are enabled to give the curves 
representing theirresults. Curve A is the ordinary charac- 
teristic of the machine, abscisse giving the current in 
amperes, and ordinates the total E.M.F. in volts. Curve 
B shows the total E.M.F. produced when the current in 
the armature is kept constant at 10 ampéres and the field- 
magnets are excited by different currents represented 
by abscissew. Due to the weakening of the field by the 
current flowing in the armature, the E.M.F., as shown 
by the second curve, is considerably less than when 
the current flowing through the armature is restricted 
in magnitude to that flowing round the magnets, and 
this is especially noticeable when the latter is small as 
compared with the former. At 10 ampéres the curves 
cross each other, and were the readings continued 
beyond this, B would rise above A. In an article con- 
tributed to the ELECTRICAL REVIEW in 1884,* Mr. 


the same makers. The magnet cores of the new 
dynamo are 6 inches square and have wound on each 
limb 954 turns of wire, the two coils coupled in series 
having a resistance of 4°55 ohms. The armature is of 
the Gramme type, the internal diameter of the ring 
core being 9 inches and its radial depth about 2 inches. 
lt is 6 inches long, has 10 square inches of actual 
iron in its cross section, and is wound three layers 
deep in 48 sections of 39 convolutions in each. 
Resistance from brush to brush 3°448 ohms. The col- 
lector is of hard drawn strip copper insulated with 
mica, and the current is collected by copper plate 
brushes. Ata speed of 1,000 revolutions the machine 
gives 10 ampéres with a difference of potential of 700 
volts, working at this pressure without any sparking at 
the brushes. Some instructive experiments have been 
carried out by Mr. Esson on the new machine, and by the 


in 


Esson gave the results of certain experiments with 
dynamos separately excited by a constant current, in 
which the weakening effect of the current in the arma- 
ture was considered under different conditions as 
regards degree of excitation. Our readers will perceive, 
on referring to that article, an analogy between the 
shapes of the curves then given and those now described, 
and will not fail to draw in both cases the similar in- 
ference that the field produced by the armature current 
itself should be very small as compared with that pro- 
‘luced by the magnets. The armature of the machine 
illustrated was also tried in a field of the double-magnet 
type constructed of arched bars as illustrated in the 
ELECTRICAL REVIEW for July 2nd, 1886. The two 
horseshoes had combined the same cross-section in 


* Vol. XIV., page 303. 


Flectromotive force in Armature. 
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their cores as the single horseshoe, were bored out to 
the same diameter and had the same polar surface, the 
bars being 6 inches wide by 3 inches thick. Fach of 
the four limbs had the same number of ampére-turns 
excitation as had each of the two limbs of the single- 
magnet machine. When the curves from the- two 
machines—obtained by exciting the magnets with 
different currents and measuring on open circuit the 


Electromotive foree in Armature. 


Cucrent round Magnets, 


Fie. 2. 


E.M.F. at the brushes—were compared, the difference 
between them was only such as could be accounted for 
by a trifling difference in the character of the iron. In 
the single-magnet machine the weight of the magnet 
frame without the winding is 625 lbs., in the double- 
machines it is 468 lbs. In the former the resistance of 
the field coils is 4°5 ohms, in the latter 6:8 ohms. 


ELECTRICAL DISTRIBUTION BY ALTERNAT- 
ING CURRENTS AND TRANSFORMERS. 


By RANKIN KENNEDY. 


I.—SYSTEMS. 


THE distribution of electric energy for electric 
lighting on a commercial scale is a problem which has 
not yet been practically solved ; the chief difficulty in 
the way of wide and extensive distribution lies in the 
low potential necessary for the working of the present 
forms of lamps; 100 volts may be taken as the 
standard of pressure at which we now distribute electric 
energy on the small scale in isolated electric plants. 
The pressure being small a very large volume of current 
is required to convey a moderate amount of energy for 
distribution ; large currents require large conductors, 
and when the question of distributing, say, 20,000 
electric lamps of 16 candle-power each arises, we are 
at once met with the difficulty of laying main wires 
sufficiently large to convey the energy in the large 
volume of current necessary for this comparatively 
small number of lamps. 

This difficulty in the way of direct supply at low 
pressure was early recognised by electric lighting engi- 
neers, and many proposals have from time to time been 
made to obviate the difficulty by distributing the 
energy at high pressure, and devices have been 
invented for reducing this high to a low pressure on 
the consumers’ premises to suit the requirements of 
the low-pressure lamps. 

One method early proposed and put into practice by 
several inventors is based upon the fact that alternating 
currents or intermittent currents of electric energy can 
be easily and economically converted or transformed 
from currents of high pressure and small volume to 
currents of low pressure and large volume and vice 
versd by means of induction coils. 


This method is now attracting considerable attention 
and has met with considerable success in the hands of 
later inventors ; a great many electricians are actively 
prosecuting enquiries into the construction and func- 
tions of the improved induction coils, and no doubt 
the subject deserves attention as a means of extending 
the development of electric lighting. 

In these papers it is proposed to examine into all the 
proposals made and put into practice during the last 
ten years, and thus obtain a knowledge of the history 
of this method of distribution by high-pressure alter- 
nating currents and induction transformers. The 
patent records may be taken as a very good history of 
any important electric system now in operation, and 
a short notice of each of the patents applied for during 
the last ten years, together with a description of the 
systems now in practice, to be followed by a descrip- 
tion and history of transformers, will, it is hoped, be 
interesting to electricians and others. 

In 1877, M. P. Jablochkoff obtained a patent for a 
method of working electric lights by induction coils, to 
be actuated by an alternating current or by a continuous 
current, rendered alternating by a commutator or 
intermittent by an interruptor; this patent contains 
the elements of a system of distribution by induction 
coils, namely, a generator of alternating or intermittent 
currents—a main conductor forming a main circuit in 
which is placed any number of induction coils, and 
lamps or other translating devices placed in the 
secondary circuit of the induction coils. Apparently, 
Jablochkoff wanted a high-tension current in the 
secondary circuit for the working of his kaolin lamps, 
and, therefore, we may presume the secondary current 
employed by him was higher than the primary in 
pressure, but this does not necessarily follow. The 
induction coils are placed in series order in the circuit. 

C. W. Harrison, of London, obtained a patent, No. 
3,470, 1878, for the use of induction currents for pro- 
viding electric lights ; this appears to be a series system 
similar to Jablochkoff’s. 

Patent No 4,219, 1878, was granted provisionally to 
Sir C. Bright for a system of distribution by induction 
coils. This specification is very vague. In this patent 
we have the same elements as indicated in Jabloch- 
koff’s. A generator of alternating or intermittent 
currents—a main conductor to convey the current— 
induction coils at each point where the light is 
required, 

Like Jablochkoff’s, this system appears to have been 
designed to supply high-tension currents for the 
special high-tension lamps mentioned in the specifica- 
tion, there being no low-tension lamps in existence at 
the date of this patent. It must be admitted by 
electricians that this and Jablochkoff’s system are 
equally competent to supply low-tension currents in 
the secondary circuit, and this is indicated in Bright's 
patent by the sentence, “The size and length of the 
primary wire and secondary wire coils are adapted to 
the number of lights employed.” 

Whether the induction coils are to be worked in 
parallel or series is not stated. “ They are connected to 
a metallic main conductor common to all.” This may 
mean anything, but the use of the singular number—a 
conductor—would indicate a series order of connection 
to most electricians. 

Patent No. 4,611, November, 1878, granted provi- 
sionally to Mr. Edmund Edwards and Alphonse 
Normandy is a most important one. 

This patent is quite clear and distinct. The elements 
of the most complete system of distribution by alter- 
nating currents and induction coils placed in series 
order in the circuit are clearly set forth in every 
detail, even to the working of a second induction coil 
from the secondary circuit of another coil in the 
primary cireuit. As a system of distribution with the 
induction coils in series order we shall find that no 
improvement on the proposals made in this patent 
have been made by any subsequent inventors, and, 
therefore, this specification may be taken as a good 
description of the series system of working induction 
coils. 
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But, like all prior and subsequent proposals to work 
transformers in series order, it presupposes that there 
is no disturbing action in the transformers themselves, 
and no provision is made for regulation or independence 
of action in the tranformers. 

Patent No. 5,183, December, 1878, granted to J. B. 
Fuller, of New York, U.S.A., contains all the elements 
of a system of distribution by induction coils and 
alternating currents ; in this patent we have for the 
first time a regulating device clearly indicated. “A 
pivotted arm regulates the light by strengthening or 
weakening the magnetic field.” 

Patent 5,257 December, 1878, granted to A. de 
Meritens, of Paris, is for a system very similar to that 
of Edwards and Normandy, and is quite complete as a 
series system of distribution although it makes no 
advance on the prior inventions. 

The same system with the same features was again 
introduced in 1882 by Messrs. Gaulard and Gibbs. In the 
system described in the patent of these gentlemen we 
have all the elements arranged precisely as in the 
systems patented or described by Jablochkoff, Edwards 
and Normandy, Bright and de Meritens. The trans- 
formers are arranged in series order, fed from a high 
tension dynamo supplying constant current and with a 
variable E.M.F. 

In 1884 these same inventors patented the series 
system again ; in this specification an attempt is made 
to prove that the transformers connected in series to 
the supply at constant current shall be self-regulating 
and act independently of each other if constructed 
according to the description given therein. 

Whatever the value of the Gaulard and Gibbs 
systems as described in their specifications, these gentle- 
men promoted the application of the transformer to 
electric lighting by coming prominently before the 
public and undertaking electric lighting on their 
systems, 

Their proposals were criticised by some, scoffed at 
by many, and altogether ignored by the majority of 
electricians ; they, however, stuck to their colours and 
replied to criticisms in the ELECTRICAL REVIEW of the 
time. 

In June, 1883, these discussions drew out some letters 
in which I indicated the impossibility of self-regulation 
and independence being obtained in anysystem employ- 
ing transformers in series order with constant current 
supply. For the first time the actual effects of counter 
E.M.F. were described, and the first letter concluded 
by stating that if transformers or secondary generators 
were connected in parallel order they then became 
beautifully self-regulating. 

In the ELECTRICAL REVIEW of that time a leading 
article on the subject appeared, in which it was pro- 
phesied that these conclusions of mine would be 
followed up by others. This prophesy was soon ful- 
filled by a patent being applied for by Max Deri and 
Carl Zipernowski, of Buda Pesth, in which the trans- 
formers are to be placed in parallel order; Messrs. 
Gaulard and Gibbs did not, however, take up this 
matter, for we find them with another patent, in 1884, 
for a series system of distribution. 

The perception of the action of the counter forces in 
the transformers and the connection of them in parallel 
order to the mains was a great step in the history of 
the distribution of electric energy by alternating 
currents and transformers; success which had been 
denied every attempt to work them in series was at 
once obtained when they were put into parallel connec- 
tion, and the counter forces which had caused all the 
disturbances when in series were now employed for 
the automatic regulation of the whole system ; before 
leaving the series system and examining the parallel, 
it may be stated that no self-regulating transformer of 
alternating currents has been invented up till this date 
which will give constant E.M.F. in the secondary 
circuit with constant current in the primary circuit. 

“As the current in the secondary circuit increases, 
the counter E.M.F. in the primary decreases, and there- 
fore the current in the primary circuit increases.” 
That is the law of the alternating current transformers, 


and the fact of this law governing them, at once renders 
them perfectly adaptable to connection in parallel order 
to asupply at constant E.M.F. 

For successful working in series order the trans- 
formers should conform to an entirely different law 
which would read: “As the current increases in the 
secondary circuit, the counter E.M.F. in the primary 
circuit increases, and therefore the difference of poten- 
tial between the ends of the primary wire or circuit 


increases,” 
(To be continued.) 


THE FIELD ELECTRIC STREET RAILWAY 
SYSTEM. 


SINCE the completion by Mr. Stephen D. Field of the 
motor to be employed upon the elevated railroads of 
New York, that gentleman has turned his attention to 
the adaptation of his system to ordinary street rail- 
ways. He has, the Electrical World states, started out 
with the idea of reducing the details to the utmost sim- 
plicity, so that high potential currents can be carried 
with safety, and that the position of the motor on the 
line shall make no difference in the potential at its 
terminals. 

Taking up the mechanical design first, it will be 
seen from fig. 1, which is taken from the actual work- 


ing drawings, calculated on the basis of a 10 mile road 
with 100 cars. on each track, that two slotted conduits 
are employed for each line of rails, the wheel flange 
running in the slot. The wheels shown are 30 inches 
in diameter, and the conduits themselves are only 
8 inches high. They are built up in lengths from two 
sections bolted together at the bottom, and let into the 
wooden cross-ties. Heavy ribs are cast on the sides of 
the section, which are calculated to withstand a ver- 
tical pressure at any point of 16,000 lbs. to the square 
inch. In addition, tie-rods connecting the upper parts 
of the conduits lend additional stiffness to the struc- 
ture and prevent any spreading or closing of the con- 
duit slots. 

It will be noted that the wheels have different treads 
on each side of the flange, the inner being of smaller 
diameter than the outer tread. Ona straight track the 
outer, larger tread of each wheel bears on the track. 
But when rounding curves, the wheel bears on the 
smaller tread on the inner rail, so that it has a slower 
motion than the outer wheel, and thus the friction 
usually encountered is avoided. The angle rails which 
are bolted to the tops of the conduits are raised only 
}-inch above the level of the pavement, and, being 
rounded, present no obstruction to ordinary traffic. 
These constitute the principal mechanical details of the 
road bed. Special provision has also been made for 
drainage of the conduits. The electrical methods em- 
ployed by Mr. Field in this system are again a decided 
departure from past practice, and the means employed 
in carrying out the system unique in conception. 

In fig. 1 it will be noticed that each rail conduit has 
supported within it a conductor carried on insulators. 
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The connection of these conductors with the source of 
power, the dynamos, is shown in fig. 2. Here it will 
be seen a dynamo (taking one each for simplicity) is 
placed at each end of the line. At one end (the left in 
the illustration) the positive pole of the machine is 
connected to the conductor in one slot, while the nega- 
tive pole of the machine is connected to ground ; or, 
what is the same thing, to the iron of the conduit. 

At the other end of the line, these connections are 
just reversed, the negative pole of the dynamo being 
connected to the conductor, and the positive to earth, 
or the conduit. Now supposing each dynamo to give 
250 volts potential, it follows that the difference of 
potential between the conductors, and hence at the ter- 
minals of the motors, will be 500 volts. The circuit is 
made from the conductor in one conduit through the 
motor to the conductor in the opposite conduit, being 
completed through the two generators, conduits and 
axles ofthe cars. It will be seen that as the motor recedes 
from one generator it approaches the other, so that 
wherever the motor may be, it will be actuated by the 
same E.M.F., regardless of the resistance of the con- 
ductors. 

The switching at either end of the line is accom- 


when combined, they give a difference of potential of 
500 volts. In this way all track switching devices are 
done away with. 

The thorough insulation and stability of the con- 
ductors is provided for by the manner of their suspen- 
sion and attachment. This is clearly shown in figs. 
3, 4, and 5, which represent longitudinal and trans- 
verse sections and a plan respectively of the arrange- 
ment. The conductor is secured to a steel rod em- 
bedded in a composite conductor. The inner and 
outer shells of the insulator consist of hard rubber, and 
between them there is a layer of vulcanised elastic 
rubber. The whole is vulcanised together so as to 
form one piece. By the addition of the softer rubber, 
the conductor is given a certain flexibility of motion, 
so that it can follow the pressure of the contact brush 
without undue strain on the insulator supports or pins. 

At the joints of the section of copper conductors, a 
flexible bridge-joint is provided so as to allow for the 
expansion and contraction of the conductors. 

Mr. Field intends also, in the line he proposes to 
equip, to lay pipes in the conduit through which hot 
brine will be circulated in winter so that all snow fall- 
ing into the conduit will be melted. This device, of 
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Fig. 3. 


plished by detaching the motor from the inside con- 
ductor and completing its circuit with one generator 
only from the outside conductor to the conduit direct, 
thus getting the E.M.F. of only one generator. At the 
same time the idle contact brush passes through the 


path of the inside conductor, which is removed for that 
purpose. 

By this method of switching two objects are obtained. 
In the first place, the motor, by working on the lower 
E.M.F. (250 volts, instead of 500), passes the switeh at 
a diminished speed, as it should. 

But a still more important result is obtained by the 
use of the two conductors connected in the manner 
shown, and that is that all interruption to the electrical 
integrity of the conductors, and hence, the traffie of the 
line, is avoided. Thus, each car will be provided with 
a current manipniator, by which the motor can be put 
in connection with either one or both of the con- 
ductors, as it is evident that each one forms a complete 
circuit by itself, having an E.M.F. of 250 volts ; but, 


Fia. 2. 


course, need only be put in operation during extremely 
cold weather. It will be noted that the conductors are 
placed at one side of the slot, so that any dirt or snow 
falling into the conduit passes clear of the former. 

No extra appliances for cleaning the conduit are 
deemed necessary, as, being only eight inches deep, it 
can be easily cleared of any refuse, with a shovel let 


5. 


into the slot, and by means of which the accumulation 
can be removed to the drains, which are provided at 
short intervals. 


Electric Lighting of Theatres.—The electric lighting 
at the Theatre Royal, Manchester, ceased last Saturday 
night. The installation consisted of 530 incandescent 
and two arc lamps, and has, as we have previously 
stated, been running continuously since December, 
1882. The dynamos at the central station, Mount 
Street, belonging to the Manchester and District Edison 
Electric Light Company, and consisting of four 250 
light Edison, and two 500 light Edison-Hopkinson 
machines, are now being removed to the Manchester 
Jubilee Exhibition. 
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PRACTICAL NOTES CONCERNING THE CON- 
STRUCTION, USE AND MANAGEMENT OF 
STORAGE BATTERIES. 


By A. RECKENZAUN. 


(Continued from page 220.) 


SINCE the specific gravity of the acid rises and falls in 
proportion to the amount of charge put into the cell or 
withdrawn therefrom, it is evident that the hydrometer 
may not only serve as a continuous charge and dis- 
charge indicator, but this simple instrument can, by 
means of certain attachments, automatically make or 
break the circuit at any desired point during the 
charge or discharge. Mr. J. S. Sellon had, in 1884, 
devised an apparatus which consisted of an hydrometer 
floating freely in the electrolyte of a cell, and which 
had asilk thread attached to its upper end ; the silk thread 
was passed over a grooved pulley, and had a weight 
suspended on its end ; the action of this arrangement 
is similar to that of a wheel barometer. Other inven- 
tors have constructed instruments based upon this 
principle ; such indicators seem to work all right in 
the laboratory, but we do not know of an extensive 


§ 10 152025303540 
MINUTES 


else acid of a strength corresponding to that measured 
vefore removal. 

“ Picking up.’—We have already stated on page 46 
and again on page 218, that by interrupting the process 
of discharging and allowing the plates to stand idle, 
the original power is to a great extent restored, and 
this “picking up” of a cell during repose is closely 
connected with the formation and removal of a non- 
conducting film. 

To illustrate this we made experiments, the results of 
which are embodied in Table V. and diagram fig. 9. 
The cell under observation was discharged at nearly 
double its normal working rate. Commencing at 
10.35 a.m. we observed a current of 39:4 ampéres, it 
dropped to 36 at the end of the first quarter of an hour, 
then we allowed the cell a rest for 5 minutes, when on 
restarting the ammeter indicated 37°3, and in 15 minutes 
it fell to 35°9 ampéres. Next we gave it a rest for 10 
minutes, and on starting the current stood at 37:4, 
dropping again in 15 minutes to 35°6, a little lower than 
before. Then we increased the interval of rest to 15 
minutes with similar results, and these were scarcely 
altered when 20 minutes rest was allowed, and this 
part of the experiment concluded at 12.50 p.m. On 
resuming the discharge when the clock hands stood at 


“Fira. 5. 


electric light installation where they may be seen in 
constant use. There is a difficulty about their applica- 
tion in so faras the space between the plates does not 
permit of the insertion of an hydrometer, and if the 
latter is placed at the end or the corner of a cell it 
does not indicate exactly the specific gravity between 
the plates where all the action is going on. Unless 
accumulators are especially constructed to receive an 
apparatus depending upon the density of the electrolyte, 
we can only accept the indications as approximate. 

The spaces between the plates, are for obvious reasons 
very narrow, and it is customary to make the cells little 
larger than necessary for the reception of the plates ; 
asa rule the distances between the plates are about 
equal to their thickness, and then, according to the 
most approved practice, acid of 1,170° should be used 
when first filling the cell containing thoroughly 
“formed” plates. By spacing the plates farther apart 
weaker acid can be used, but the internal resistance will 
then be slightly higher. 

If, at any time, the acid is removed from the cells, 
for purposes of repairs or inspection, care should be 
taken in noting the specific gravity so that when 
replacing the plates the same specific gravity is main- 
tained. If, for instance, fully charged plates are taken 
out of a cell, and on replacing them new acid of, say 
1,120° is used, then it will be found that on charging 
up for the first time the strength of the acid does not 
rise appreciably, yet during the discharge the specific 
gravity will drop to something like 1,060° and this would 
be too weak. The positive plates in this case are 
thoroughly oxidised, and therefore devoid of sulphate. 


On the other hand, if the plates are discharged before 


removal, then they must be put back into the same, or 


1.50 p.m. the current was once more at 37-4, it gradually 
fell without further stoppages, until 3.5 p.m. and 
between that hour and 3.50 p.m. a rapid decrease took 
place, so that finally only 16°25 ampéres could be got 


TABLE V.—INTERMITTENT DISCHARGE, 


Time, | Current, 


10 35 am.... 30-4 Started. | 
36 Stopped. 
37°4 Started. 
35°6 | Stopped. 
37°5 | Started. 
12 5 p.m.... 35°6 Stopped. 
375 | Started. 
Started. 
35 Continued. | 
| 347 | 
» 34 
1625 | Stopped. 


with a constant external resistance. These results lead 
us to the conclusion that the “ picking up ” of an accu- 
mulator occurs within a comparatively short space of 
time, and that there is hardly any difference whether 
the period of rest is 5 minutes or one hour. This 
recuperative power is in many respects of great advan- 
tage, especially in the case of propelling tramcars 
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which require so much force at starting, and each 
stoppage supplies the requisite initial effort by virtue 
of this “ picking up” property of the cells. 

Volume of acid relatively to volume of active 
material._—lf the electrolyte is too weak, or if there is 
too little of it, then it becomes absorbed by the lead or 
exhausted at an early stage, when water only is left. 
The volume of the acid must bear a certain ratio to the 
volume of active material, and this ratio had to be 
ascertained by practice. Referring to page 584, Vol. 
XVIIL., we find that the cell (a) of 150 ampére-hours 
capacity contained 23 plates, 11 positives and 12 nega- 
tives. The volume of peroxide in the positives was 
36°9 cubic inches, and that of spongy lead in the nega- 
tive plates 30°23 cubic inches, giving a total of 67:13 
cubic inches. The displacement of the 23 plates, 
including their supports, however, was 105 cubic 
inches. The contents of the box occupied 280 cubic 
inches when the level of the liquid reached } inch 
above the top edges of the vertically arranged plates, 
consequently we had 175 cubic inches left for the acid 
of 1,170° density. We had thus 2°6 cubic inches of acid 
for every cubic inch of active material, and 1°666 inches 
of acid for every inch of plate, including supporting 
frames and terminals. The results obtained in prac- 
tice with these cells justify us in regarding the above 
proportions as advantageous. 


(To be continued.) 


NATIONAL ELECTRIC LIGHT ASSOCIATION.* 


SECONDARY GENERATORS. 
By Dr. Orro A. Moss. 


Ir is necessary at the outset of the address to state some of the 
conditions under which secondary generators can be and must be 
employed. The excellent paper they had just listened to pointed 
out one of the great difficulties in the way of the proper distribu- 
tion of electric current. Mr. Sprague yesterday+ spoke of the 
great difficulty of running electric lights and motors from the 
same circuit, with present distribution. Now, to distribute 
current from a central station means to give what is wanted when 
it is wanted; but as during the hours of night there is little 
demand for current, it is reasonable to suppose that at the time 
when energy is not being generated, the commercial value of the 
heavy investment in plant for producing current is not being 
utilised. He would suggest that that is the pivotal point upon 
which discussion must turn. 

Dr. Moses then went on to point out that when Mr. Edison 
started his first large central station in New York, the principle 
was laid down that when a thing is wanted you must be able to 
supply it, and that there is no use in supplying it until it is 
wanted. He thought an error was made there, not in the principle, 
but in its application to the facts, for the true principle was to 
utilise your plant to the utmost by producing current without 
cessation. Now, as during the night there is little demand for 
current, the current in such a station would either have to be 
stored or not produced. But in order to make the plant really 
profitable the current must be produced, thus utilising the plant 
to the utmost extent. It followed, too, that such current should 
be manufactured—and stored—in places where the investment 
in land and realty would be brought down toa minimum. This 
meant for one thing carrying the agencies of current production 
to the place where the chief element of production was to be 
found. That, however, was a matter for the future. Meantime 
he held that if currents of electricity are to be manufactured and 
handled with safety so as to take the place of other forms of energy 
now bought and sold, it must be delivered at low potentials where 
and when it is wanted in cities, but must be transmitted at high 
potentials from its extra-mural places of low cost production. 
That proposition he regarded as now self-evident, and the method 
for such work was to be found in the use of secondary generators. 
The problem was to bring currents of high electromotive force 
from a distance and then to transform them into currents of low 
electromotive force. That problem had been attacked and solved. 

Dr. Moses proceeded to give a brief but very interesting sketch 
of the development of theory and practice in the use of induction 
coils, dating from Faraday, and coming down to modern work 
with “transformers” and “ secondary generators,’ and he called 
special attention to the extraordinary fact that so long a time 
should have passed before any one thought of reversing the action 
of induction coils for practical use, so as to make the fine wire 
coil the primary instead of the secondary. But in 1882 Gaulard, 
of France, undertook to make his transformer with a fine-wire 
primary, and thence dated the solution of the whole question as to 
the transmission of electrical energy from a distance. 

Coming down to the introduction of the well-known Gaulard- 


* Meetings held at Philadelphia, from February 15th, 1887. 
t+ See last week’s Execrricat Review. 


Gibbs system in this country, Dr. Moses gave an account of his 
inspection of the plant as put in on the Westinghouse plan at 
Pittsburgh. There was, he said, in that alternating current 
station none of the paraphernalia of enormous generators, with 
complicated commutators, and with all the accompanying apparatus 
necessary to regulate the current. They had all long ago, he 
believed, seen that the commutator was the weak spot in the 
machines for the continuous current, but in the alternating 
machine this commutator was done away with. In the system of 
secondary generation, where currents of opposite polarity are 
induced, there was no necessity to “ correct’ the currents. The 
currents were taken directly from the collectors as they were pro- 
duced, and there was no necessity to straighten them—to change 
their direction—by costly and intricate commutators. These 
alternating machines he saw were easily manufactured. All the 
mechanical difficulties seemed to have been eliminated. There 
were simply masses of iron and massive coils, and no commutator 
to interfere with the proper working of the system, and the result 
was that these new producers of current could be made at a 
low cost. At Pittsburgh, in fact, the whole station seemed to 
him to be notable for the simplicity of its details and construc- 
tion. Natural gas was burned under the boilers, and the West- 
inghouse engine was used. In the present state of the art, 
it was necessary to use a little exciter for the alternating machine, 
but he wanted to be put on record as saying that the time was 
not far distant when this device for exciting the fields would no 
longer be needed. The exciter was, however, a detail of minor 
importance. 

Dr. Moses then gave an outline of the familiar principles in- 
volved in the use of the converters or transformers on the line, 
and pointed out that great flexibility of system was secured, so 
that any current of any potential and any quantity could be taken 
off where wanted. Moreover, he said, it will be possible to so 
change the direction of that alternating current as to effect 
electro-deposition by it; to get off direct currents from it, and, in 
fact, to apply it to any use for which electricity is in demand. 

After asserting his belief that with the alternating current 
system such great powers as Niagara could be utilised, 30,000, or 
even 100,000, volts potential being transformed down to large 
quantity currents of 5,000, 3,000, 1,000 or 500 volts, he closed by 
a reference to the work of Rankin Kennedy and the plan of placing 
the transformers in multiple are. 


Discussion. 


Mr. Morrison : What about the armatures of the dynamos ? 

Dr. Moses: The armature is one of exceeding simplicity. | 
saw them working right straight along, and if the thing works 
well once, there is no reason why it should not work well twice. 

Mr. Morrison : Does it wear out ? 

Dr. Moses: There is nothing in it to wear out. There is metal 
in it, but that does not wear out; it is simply a question of making 
dynamos with proper insulation. 

Mr. Morrison: Well; but does the insulation stand ? 

Dr. Moses : From the nature of the construction of the machine, 
I should say admirably well. 

Mr. Morrison: But does it stand? How long has the appa- 
ratus been in operation ? 

Dr. Moses: There is a gentleman here from Pittsburgh, Mr. 
Duncan, who is largely interested in electric lighting there—and, 
by the by, if you will let me say it, when I was in Pittsburgh I 
visited his central stations, and very remarkable stations they 
are, like cocoons, one within the other. Mr. Duncan has investi- 
gated this subject, because, as I understand it, he has the com- 
plete control of this Westinghouse system in Allegheny county. 
He would, therefore, be the most proper person to speak about 
these questions of operation. As regards durability, beyond the 
mere theory of the matter, I must refer you to him. 

Mr. Morrison: The only reason I have in asking these ques- 
tions is that you have made specific declarations with regard to 
the value of this system, and that I want to find out just what you 
have to base that upon. ; 

Dr. Mosrs: I have had correspondence on the subject, and 1 
find that so satisfactory is the secondary generator system at pre- 
sent that they are introducing in Rome a central station that will 
distribute to 20,000 incandescent lamps, and provision has already 
been made for 6,000. : 

Mr. Morrison said that he was after material facts and did 
not want to have the members blinded by the brilliant oratorical 
effects of the speaker. He wanted to determine the value of the 
thing. They had seen grow up among them a whole lot of pro- 
mising electrical schemes, and they had found that when applied, 
many of them did not yield the results that had been expected. 
Now in the case of these converters, what facts had they to go 
upon? How long had they been in service? What results had 
been obtained? Did Dr. Moses ascertain on the spot, from per- 
sonal observation, the lifé of the apparatus and its efficiency ? 
The life was one of the main questions. If the life was short, 
then there must be frequent renewals, as in the case of the storage 
battery. 

Mr. — wished to know whether that form of current 
could not be in some way utilised for storage battery purposes. 

Dr. Moses replied that such a plan was possible and probable. 
They might, he thought, do what they pleased with it—get 
secondkry, tertiary, fourth and fifth inductions with it, the only 
question being as to economy with each transformation. The loss 
would be ineach from 1} to 2 percent. As to the conditions 
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under which the apparatus worked, he could only tell them what 
he saw. He saw the conductor running 1} miles from the station 
—making 3 miles of circuit—and they were operating on it in- 
candescent lamps in the stores along it. They were selling those 
lamps in Pittsburgh, the home of natural gas. 

Mr. Morrison expressed some very decided opinions against 
the value of natural gas as a safe agent, and against its merit as 
a competitor in lighting. 

Dr. Moses remarked that not only was Pittsburgh the home of 
natural gas, but that it was built on magnificent coal deposits. 
Yet instead of using gas, the people were buying the incandescent 
light. South Pittsburgh, where this system was in use, he should 
look upon as a rather poor locality. There were not many fine 
stores in it. It was narrow, the worst condition, as Mr. Sprague 
had said, for such distribution; it was long drawn out, and not 
linked sweetness by any means. It went out in one direction 
between the river and the hill, indefinitely, and yet along that 
strip they distributed from their lines. It was the worst condi- 
tion possible for the distribution of incandescent lights. 

Mr. Morrison wanted to know whether the light was taken in 
that locality because it was better than gas or because it was 
cheaper. In Baltimore gas was 60 cents a thousand, yet his com- 
pany sold lights, and at a fair price, because the light was better 
than gas, because the air was purer, and for all the sanitary and 
other reasons. 

Dr. Moszs said they had on the floor the representative of a 
firm which had been instrumental in putting in that plant, and 
he presumed that gentleman could give them some facts as to 
cost, &c. As for himself, he could say he had seen the plant 
working smoothly, with self-regulation, from the boilers up to the 
alternating current machine and the transformers. He saw but 
very slight movement of the voltmeter, because the current was 
kept so very uniform ; and he saw but one man about the whole 
station. 

Mr. Morrison persisted in his close interrogatories, and 
elicited the information that the oldest plant of the kind in 
Greensburgh had been in operation two months and a little over, 
and that the other one, from which all those stores were lighted, 
had been in service a little over two weeks. That ended his 
statement of the case. 

Mr. W. C. Kerr, speaking for the Westinghouse system, said 
he was‘very glad to be given the opportunity to dwell on the 
commercial aspect of the case. He and his associates had had 
a great deal to do with the introduction of new things, and in 
fact had done nothing but develop something new. There was 
always a great deal of misunderstanding, a great deal of doubt, 
to contend with, and at the same time an undoubted desire for 
information. That information could not always be given ina 
breath. Some of Mr. Morrison’s questions, for instance, were 
very hard fer Dr. Moses to answer. Dr. Moses, as a scientist, had 
examined certain apparatus and had arrived at some very conclu- 
sive impressions regarding it, as they could see from his remarks ; 
but it was not to be expected that he would be ready to answer 
such questions from the commercial standpoint. As to the point 
of durability, it could be said that the system was not fully de- 
veloped, so that any man could guarantee it for, say twenty years. 
It was simply in the condition that all new things are. Various 
machines have been built. The system had been put in in various 
places, and time must elapse in which people ¢ould form their 
opinions. Without intending to make any advertisement of the 
system, he would mention the places where it was in opera- 
tion, and where lights were being rented. There was one at 
the South Side, Pittsburgh, which Dr. Moses mentioned, one at 
Greensburgh, Pa., one at Carbondale, Pa., one at Plainfield, N. J., 
and one at Buffalo, N. Y. A small one at Torrington would be in 
operation in two weeks, so that within the present spring any one 
near any of those places could see them in operation, and form 
their own conclusions. One thing he would say: In building 
certain new apparatus, one could observe what relation it bore to 
other things known to work successfully; and reasons or deduc- 
tions could be formed which could not be proven in a day ora 
month. That was the condition the system was in at the present 
time. It was working. It was running successfully. The test 
could be made by’a visit, as well as by seeing other things which 
it resembled or which it superseded to a certain extent. Thus 
they might make the comparison between the Westinghouse three 
wire station on Sansom Street, running about 2,300 lights, which 
they had visited the night before, or the station at Trenton, and 
then go to Plainfield and notice what the station apparatus was 
there, and the nature of the attendance upon the station. That 
was a better demonstration than anybody could stand on that 
floor and give. It was very difficult when a thing was new and 
had only been before the public three or four months, to make 
specific statements, by which any one would care to be bound. 
He thought that by the time the association visited Pittsburgh, 
they would be able to see a great deal of the system for themselves. 

Mr. Morrison: That is what I wanted—to do away with the 
idea that this problem was absolutely solved. 

Mr. C. P. Curtiss: I was in Pittsburgh about a month ago, and 
I investigated this question then. A gentleman there who stands 
as high as any on this question told me that of his own positive 
knowledge six or seven armatures had been burned out in one 
machine inside of thirty days. I would like toask Dr. Moses if he 
had any points in that direction. 

Dr. Mosss: I passed about half a day in the station. I looked 
everywhere that I was permitted to look. I had also, I am very 

glad to say, an opportunity, in the enormous factories of the 
Westinghouse Company, to see all the details of construction. 


Perhaps for that reason I should be guarded in what I say, be- 
cause I know that in such large establishments there may be 
things going on which should not be spoken of. As far as the 
armatures are concerned, I had the privilege of seeing them 
manufactured, from their first stages up to their completion. I 
have had some experience in making dynamo machines, and I do 
not see why they should there continue in certain grooves of 
systematic manufacture, as they seem to if those machines were 
burning out so rapidly. It seems to me that I would “swap 
horses” if my armatures burned out six a day, or a week, or a 
month. But they appeared to be making the armatures in a 
regular systematic way, just asall of Mr. Westinghouse’s machines 
and appliances are manufactured. 

Mr. De Camp said that this system appeared to be an old thing 
recently renovated, and there must be some suspicion as to the 
merit of it, or else being so long known, it would have been more 
generally utilised. One of the objections he had heard was on the 
score of safety. Then he wanted to know what was its economy, 
what was the loss in induction. One gentleman had said to him 
that if those wires were run in front of an iron building it would 
create induction and loss of current. 

Mr. SiatTery regretted that Mr. Moses had made an omission 
of everything that could really guide them in determining the 
commercial efficiency of the system. He also took exception to 
the statement of Dr. Moses that prior to the work of Gaulard and 
Gibbs, no coil had been made to transform high tension into low 
tension current. The very coil of Faraday that the Dr. had re- 
ferred to was composed of about No. 14 B. and S. gauge, and he 
believed that the primary and secondary wires were nearly 
identical in diameter and in number of turns, which after all were 
factors that would give them the necessary conditions in a com- 
mercial system of illumination if placed upon a multiple arc 
circuit or on a series circuit such as the Gaulard and Gibbs. That 
was to say, if they passed 10 ampéres through that primary—and 
No. 14 B. and S. had a perfectly safe carrying capacity for 10 or 
12 ampéres—they would get commercial results in the secondary 
circuit, or, in other words, they could operate incandescent lamps. 
Although he wanted precise information as to this particular 
system, Mr. Slattery said there was no doubt at all about the 
fact, as a fact, that the transformation from high tension into low 
tension could be done efficiently. 

Mr. Duncan, after taking occasion to protect the good fame and 
character of natural gas as used in Pittsburgh, went on to speak 
of the work he was doing in supplying incandescent lights there, 
and of the reasons why that light was preferred there, as against 
cheap gas of any kind. Hitherto, he said, they always had 
a very dirty city, except during the last two years, when they had 
brightened up a little. It had been a city of gloom, heavy fogs, 
&c., but the gas had been very poor. Latterly, owing to the com- 
petition, however, the gas companies had been stirred up, with 
the consequence that they got a very excellent quality of illumi- 
nating gas now at from 80 cents to1 dollar per 1,000. But the 
people preferred the incandescent light. It was easily handled. 
It could be placed in their stores and in their rooms in just such 
a way and position as they desired; it could be easily controlled, 
and the handiness of the switches, &c., made it more accessible 
and less troublesome. In the next place, it was a cleaner article 
than gas. All these and other reasons might be given for 
the very general introduction of the light in that city. They 
were now wired up for 3,000 lights more than they could supply, 
because they had been reconstructing their station, and were not 
quite ready with their power. With regard to the alternating 
current system, he simply wished to say that the Allegheny 
County Company was not at present operating that system. The 
Pittsburgh Light Company, organised and operating on the South 
Side, was using the system with machinery, which had been in 
operation there for two weeks. They were running about 600 
lights, distributed over about 14 miles of territory in length, con- 
fined between the Monongahela River and the hills, a very narrow 
strip of land, being only two streets wide, but opening out above 
Twenty-Sixth Street. There they got more territory to cover, but 
the light was now principally confined to two main streets and the 
cross streets, between Eighth and Twenty-sixth. It was pretty 
hard to say after two weeks, as to the economy of the system, or 
as to why one armature burned out, or a dozen. It was not so 
long ago, as they knew, that are light machines burned out when 
insulated with paper. That question, anyhow, it seemed to him, 
ought to be left out. It was not a fair matter of discussion before 
the convention. But there was the Greensburgh plant. He had 
been told by Greensburgh people thatsome armatures burned out, 
but he had also been told by the engineer in charge of thatstation 
that an armature in one of the machines had been running for 
four weeks consecutively; and he claimed that an armature 
running four weeks would run indefinitely. It was a problem of 
mechanical construction, and he did not think it entered into that 
discussion at all, and he did not see how any question of burning 

of armatures could militate against the proper consideration of 
the system. As for himself, when he first looked into the system, 
he did not think very favourably of it, but after several visits to 
Greenburgh, and after seeing the operations in that South Side 
station, where everything was running smoothly with 600 lights 
and the regulation in the station was as close as 2} to 3 per cent., 
he had begun to think that there was a very great future for it, 
and he could not see why there should not be. He invited the 
members to correspond with him on the subject, promising to give 
them any information he could. All he could state now was that 
the system had. not been sufficiently developed for any man to 
speak as to the relative merits in dollars and cents. 
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Mr. Powers pointed out that under any conditions, to carry a 
current any great distance, whether it be alternating or direct, 
there must be a percentage of loss, and practically the loss in 
each case must be precisely the same for the conveyance of the 
current. With the alternating current they gained flexibility of 
system and paid for that the cost of conversion. As to the 
question of danger, he had had some experience with alternating 
current machine manufacture, and knew something about the 
effects of the alternating current upon the human system. Those 
effects were,extremely unpleasant. He would rather take a sharp 
shock from a direct current of 1,000 volts than from an alterna- 
ting current of 500 volts. Mr. Powers also suggested that there 
would be danger of accident if any one in a building were to 
stand on a radiator or something of that kind and as one might 
unthinkingly take hold of the secondary connection of the lamp 
or lamp-holder. Would there not be extreme danger of a current 
of that potential destroying the insulation? Would it not be 
tempted to produce fatal results there? That struck him as the 
most dangerous aspect of the case, as fires might be produced in 
that way. 

Mr. Krmpatt: I should take pleasure in answering the two 
questions, and I would like to read two or three notes that may 
have a direct bearing on this question. As the question of 
electrical distribution by means of alternating currents and the 
further medium of transformers or induction coils has been 
brought so prominently before this Association, a few words 
upon the immediate possibilities of this system will be of interest. 
In 1877, Prof. Thomson, now of the Thomson-Houston Electric 
Company, of Boston, delivered a lecture, and, among other things, 
proved to his audience the reversibility of the induction coil and 
also that a discharge of static electricity was identically the same 
as that of a continuous current from batteries. One of his 
experiments was the passing of a current from several gallon 
Leyden jars through the fine wire of an induction coil or its 
secondary circuit, as it is more commonly designated ; the ends of 
the coarse wire or primary coil, having been previously brought 
into slight contact, a bright spark and a fusion of the wire ends 
resulted, sufficient to cause the terminals to stick together; thus 
at that early day giving a forecast of the method of electric 
welding, which has since been developed into a practicable electro- 
mechanical process. Experiments were carried on by Profs. 
Thomson and Houston during 1878 and 1879; coils of insulated 
copper were made of a hoop shape and wound over with an iron 
wire sheathing. 

This, of course, was before the incandescent lamp had been 
brought to a suitable condition for commercial use. Since the 
production of the incandescent lamp, these researches have been 
extended with a view to developing a complete system to meet 
the requirements of long-distance transmission of electrical 
energy. How successfully, must be demonstrated by the appa- 
ratus itself. I may, however, briefly mention a dynamo machine 
which is self-exciting and automatic in its regulation for any 
number of lamps turned off or on up to the capacity of the 
machine, delivering a current alternating in its direction through 


the line, and, upon such a circuit—in which the usual form of 


electro-magnet reacts upon itself to such an extent that its 
temperature may be raised to the melting point—apparatus has 
been devised having all the properties of electro-magnets, giving 
a push or a pull proportionate to the current expended, thus 
enabling the construction of direct reading voltmeters and 
ammeters, arc lamps, the running of specially constructed motors 
for the distribution of power, and still further the operation of 
plating machines and of electrical devices for measuring the 
alternating impulses given to the line, all being supplied from 
the same wire. Safety devices are used which make the 
danger to life and property no greater in the building or 
residence than with the low-tension dynamo of 100 volts 
difference of potential with which we are familiar. Still more, 
it has been demonstrated that, although the wiring of this 
system follows the laws of multiple arc conductors and 
points widely separated are subject to a rise or fall in their 
E.M.F., a means is at hand for equalising these discre- 
pancies in such a manner as to maintain the entire network 
in constant equilibrium at an even difference of potential at the 
poles of the lamp under great changes in the number of lamps con- 
nected, and while not necessarily depreciating apparatus, we have 
opened up an immense tield of incandescent electric lighting at a 
distance from the central station. 

Mr. Cary Herne rose to correct an impression that had been 
formed as to the apparatus shown at the Franklin Institute by 
him on the previous evening and about which he had remarked 
that the coil used would disintegrate quickly. It was the Ziper- 
nowski-Deri, whereas the Westinghouse coil, as they all knew, was 
the Gaulard-Gibbs. He also called attention briefly to the work 
of Mr. Gordon in England. 

Mr. WEIssLEDER moved that a committee be appointed to report 
on secondary distribution at the next meeting of the convention. 

Mr. DeCamp asked as to potential used in Pittsburgh. 

Mr. Duncan: About 1,000 volts. 

Mr. DeCamp: Are the converters put inside or outside the 
building ? 

Mr. Duncan: They are in most cases placed upon the poles 
between the two cross-arms ; and in another case, where there is 
a distribution of 250 or 300 lights, I understand that they have 
put the boxes inside the building in the cellar. 

Mr. DeCamp: They put them on the poles because it is objec- 
tionable to put them inside. 

Mr. Duncan: As I understand it, it is a matter of convenience 


for distribution, for the reason that if you take the ordinary store 
such as we have to deal with on the South Side, they only require 
on the average 15 16-C.P. lights ; and as the poles are, I presume, 
about 140 to 160 feet apart, it is a matter of economy to place 
those converter boxes upon the poles and thence to distribute to 
either side of the streets, running off lines accordingly. The 
place where there is a distributor in the house is in a public 
building, of about 250 lights. They put a converter in that case 
in the second story of the Market House as a matter of conveni- 
ence for distribution. 

The following committee on secondary distribution was then 
appointed :—Messrs. Weissleder, Slattery and Carl Hering. 


THE ELECTRICAL TRANSMISSION 
OF POWER. 


SOME experiments have recently been made near 
Zurich with dynamos and motors constructed by Mr. 
C. E. L. Brown, of the Tool and Engine Works at 
Oerlikon. Drawings of these machines were given in 
last week’s Hngineering, to which journal we are in- 
debted for the following information. 

The tests were conducted by the maker in conjunc- 
tion with independent and competent experts, Profs. 
Amsler-Laffon, Gysel, Veith and Weber, and Messrs. 
Keller, Lang, Meier, Naville, Waldner, and Zschokke ; 
the report was compiled by Prof. Amsler-Laffon. The 
machines were constructed for the transmission of a 
water-power of about 50 horse from Kriegstetten over 
a distance of 8 kilometres (five miles) to the works of 
Mr. Mueller-Kaiber at Solothurn in Switzerland. The 
tests were made in the works of Mr. Brown on condi- 
tions as nearly as possible equal to those to be fulfilled 
later on; their object was a practical one to answer the 
questions: What power must be supplied to the 
primary machines, so that the secondary machines can 
do a certain work ? What relations exist between the 
speed of the primary and of the secondary machines ? 
How does the speed vary with varying work. Elec- 
trical instruments were used only so far as electrical 
magnitudes were directly concerned; the power 
measurements were taken mechanically. We will con- 
clude these introductory remarks by adding that a com- 
mercial efficiency of over 70 per cent. was obtained. 

The general design of the dynamos is as follows :— 
Two vertical pillars of wrought iron form the field 
magnets ; they are united by cast iron blocks acting as 
pole-pieces. The lower block, the bed-plate, and the 
supports for the armature are cast in one piece. The 
armature of the motor isa modified Pacinotti-Gramme 
ring. We are not in a position to give a detailed 
description of the peculiarities of this armature ; but it 
appears clear that the remarkable efficiency of Mr. 
Brown’s dynamo must be ascribed to the ingenious 
though simple alterations which he has made in the 
armature, and its relative position to the field magnets. 
The shaft bears the armature on the one end, and the 
pulley on the other, that is, within the bearings. One 
of the first dynamos embodying these improvements 
gave at a speed of 1,000 revolutions per minute a differ- 
ence of potential at the terminals of 65 volts and a cur- 
rent of 160 ampéres ; the armature wire weighed 12 
kilogrammes (26 lbs.), with a resistance of 0-008 ohm ; 
the field magnet coils weighed 33 kg. (73 Ibs.), and had 
a resistance of 250hms. The newer dynamos for the 
Solothurn installation are of a larger type, and give 
about 1,200 volts each, with the normal speed of 700 
revolutions per minute. Their principal dimensions 
are: Total length, 4 feet one inch; width, 4 feet 
5 inches ; height, 3 feet 3 inches; diameter of arma- 
ture, 20 inches; length of armature, 12 inches; and 
diameter of pulley, 20 inches ; width, 7 inches. 

As reliability is the first requirement, Mr. Brown 
decided to use four machines, two generators and two 
motors, so that in cases of emergency one pair alone 
could take the main part of the work : the water-power 
to be transmitted varying between 30 and 50 horse- 
power. A speed of 700 revolutions was selected, both 
as being economical and not too high ; a lower speed 
would have required heavier and more expensive 
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dynamos. The three-lead system has been adopted, all 
three wires being naked pure copper wires of 6 milli- 
metres (4-inch in diameter), suspended on poles about 
120 feet distant from one another, with fluid insulators ; 
the River Aare is crossed by one span of 380 feet length 
of a silicium-bronze wire, having about the same 
thickness and equal conductivity as the copper wire, 
but possessing at least double the tensile strength. 
With the two generators in series an electromotive force 
of 2,500 volts isobtained. The three-wire system offers 
the advantage that should one of the motors stop the 
other would never receive more than one-half of the 
total tension ; an arrangement has further been made 
by means of which one of the outer wires can be con- 
nected parallel with the central wire, in case one of 
the generators should have to work alone; thus the 
loss in the conductors would not be doubled, but 
increased by one-half only. The primary station com- 
prises besides the two generators two automatic shunts 
short-circuiting the field magnets in case the currents 
should become dangerously strong—two ampéremeters 
--and, further, three lightning conductors with 
lightning plates of an original kind for the protection 
of the dynamos against lightning. The secondary 
station is equally protected ; it contains, further, two 
fluid cut-outs, permitting of stopping the two motors 
suddenly without endangering the insulation. 

The contract required a constant speed independent 
of the work to be done as a main condition. Constant 
speed may be secured mechanically or electrically. 
Electrically this regulation may be effected by various 
methods, three of which command particular considera- 
tion. The first method uses a primary dynamo 
(generator) of the compound type, and a simple shunt 
motor for the secondary station ; this arrangement re- 
commends itself for medium tension currents. The 
second method has compound-wound machines for 
both the primary and the secondary stations ; the 
object of the series wire being in the first case to 
supply a higher tension for a greater load, and in the 
second case to weaken the magnetic field of the motor 
proportionally ; this arrangement offers advantages 
when one generator has to feed several motors. The 
third method takes series dynamos for both stations, 
and as it is particularly adapted for high tensions, and 
when one primary station has to supply one secondary, 
it was selected here as we have already mentioned ; it 
further admits of easy starting, even with a full load. 
With properly designed and constructed dynamos this 
arrangement ought to turn the motors with a constant 
speed, provided that the generator rotates at a uniform 
rate. Mr. Brown finds that when varying the brake 
power applied up to 20 per cent., the speed of the motor 
did not vary by more than 3 per cent. These slight 
variations might further be reduced if it should become 
necessary. 

We come now to the test at the Oerlikon Works, 
carried out under the actual conditions under which 
the dynamos will have to work, the line wire of 9°5 
ohms resistance being replaced by an iron resistance of 
10 ohms. This iron wire was shortened in proportion 
to its becoming heated through the current whose 
strength was controlled by means of a voltameter ; thus 
the resistance was kept constant. Being aware of the 
diffidence with which the practical engineer regards 
electrical power tests, in which he has to trust elec- 
trical instruments of whose reliability he cannot 
convince himself by experiments of his own, Mr. 
Brown decided in favour of mechanical power tests. 
All the four dynamo machines were suspended in 
cradles bolted to a base-plate, which was provided with 
a screw spindle for the adjustment of the belts. ‘lhe 
vertical limbs of the cradles end in knife edges, and on 
these the whole dynamos rested, being held by an iron 
strap, which strap was firmly bolted to the dynamo 
bed-plate. The edges were placed exactly in the pro- 
longation of the armature shafts. Pointers of 6 feet 
length were attached to the field magnets; and the 
power applied, or required, calculated from the deflec- 
tions from the vertical line which the generators 
suffered under the pull of the belts from the +am 


engines, and the motors under the influence of the cur- 
rents transmitted from the generators. The speeds 
were indicated on a counter connected with the arma- 
ture spindles by a flexible shafting and a worm gearing. 
This method of estimation necessitated preliminary 
trials to ascertain directly by weights applied to the 
pulley the power corresponding to the different posi- 
tions of the pointer. For this purpose the armature 
was rigidly fastened to the field magnets during these 
trials ; thus a power scale was obtained, indicating in 
kilogrammes the weights which acting on a lever arm of 
0:25 metre (9°8 inch)—the common radius of all the 
pulleys—produced the respective deflections. 

The total resistance of the four dynamos connected 
in series—that is, the two generators in series con- 
nected in series with the two motors, also in series— 
amounted to 13°44 ohms ; adding to this 10 ohms for 
line resistance, we get the total resistance of the system 
equal to 23°44 ohms. The belts having been put on 
the primary dynamos the motors were coupled to a 
light machine whose circuit resistance was increased 
by adding arc lamps. When the generators made 
about 100 revolutions per minute, the motor armatures 
began to spin; the deflections of the pointers soon 
became stationary. All corresponding observations 
were taken within the space of one minute. 

The tests were made on five days in November, 1886 ; 
the principal tests, which we summarise, on Novem- 
ber 22nd and 29th. Table I. gives first the results of 
the tests of November 29th. The columns P, and P, 
refer to two primary machines, 8, and 8, to the secondary 
machines; those marked T state the speeds, Z the 
deflections of the generators; the same letters with 
dashes apply to the motors ; column E gives the current 
strength in ampéres. The deflections under Z are given 
in kilogrammes, as has already been explained. The 
speed counter for P, failed after 14 observations had 
been taken. The figures in parentheses were only 
estimated. The lower part of Table I. relates to the 
tests of November 22nd ; two further tests of Novem- 
ber 30th are subjoined. Table II. refers to the same 
tests, giving the corrected values after elimination of 
possible errors. The suspension of the dynamos proved 
very delicate and satisfactory. There was, however, 
magnetic attraction between the dynamos and the 
ground plate, the distance from the bedplate to this 
being only about 6 inches. It was ascertained that this 
magnetic attraction would lead to too low readings 
when the pointer was near zero, but would be without 
influence when the pointer was near 40; and would 
cause too high readings after that. This was deter- 
mined by passing electric currents through the field 
magnets and forcing the pointing gradually over the 
scale by loading the machine, regulating the currents 
to the strength which the tests (Table I.) had shown 
to correspond to the respective position of the pointer. 
The error is very slight, and attains practical import- 
ance only for the readings above 80, when reductions 
have been made, 3 kg. for 80 kg. to 90 kg., 1 kg. for 
90 kg. to 100 kg., 2 kg. for 100 kg. to 110 kg., 3 kg. for 
110 kg. to 115 kg., and 4 kg. for 115 kg. to 120 kg. The 
belts might further tend to shift the cups of the strap 
slightly on the knife edges, and since the pointer scale 
was determined when the belts were off, these errors 
would only appear whilst the dynamos were at work, 
and not during the preliminary trials. This error, 
again, could only be insignificant, as the radius of 
curvature at the cups was very small. Yet this shift- 
ing had actually occurred in the case of the generator 
P,, for its pointer did not go back to zero when the 
machines were stopped, but stood at 2} kg. Similarly, 
the motor 8, had been shifted a little, of course in the 
opposite sense, its pointer pointing to 1 kg. 

The whole method has been carefully analysed by 
Professor Amsler-Laffon. The position of the pointer 
will depend upon the electrical reaction between the 
armature and the field magnets; the friction in the 
bearings, and the resistance which the moving arma- 
ture and pulleys encounter from the air. We have 
further unavoidable losses of power within the dynamos, 
and the mechanical defects which would accompany 
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TABLE I. 


| 
| | 
| | Zs z,! 
| 
| kg. | | kg. kg. 
1 | 723 | 6 | 725 || 185 692 | 3 
14 | 692 | 38 
3 760 22 758 40 752 | #13 
4 | 732 | 27 | 731 45 725 18 
5 733 | 45 | 730 7 724 32°5 
' 6 | 735 | 46 732 73 729 33 
7 
8 
9 


| 


REsISTANCE. 
Zo | Amperes. | 


ke. 
690 95 15 November 29th, 1886. 
690 | 95 15 ... | Shunt of light machine, with some 
750 26 45 5 |  incandscence and are lamps. 
725 2 45 | 5 
725 53 10 10 
725 be 10 10 


ce 


| November 22nd, 1886. 
Arc lamps and incandescence lamps. 


0 — és November 30th, 1886. 
71 | 0 Motor. Belts thrown off. 


(s, and s,). 
Number. 

1 724 17 691 13°5 4°30 
2 721 18°5 691 13°5 4-66 
3 759 59°5 751 40 15°76 
4 731 69°5 725 51 17-73 
5 731 1165 726 86°5 29°73 
6 733 116 727 87 29°68 
7 711 148°5 704 100 36°86 
8 697 131 685 95 31°83 
9 731 1745 724 127 44°53 
10 742 191 747 140°5 49°47 
1l 719 128 723 102 32°15 
12 719 134 720 99 33°63 
13 730 141°5 731 103 36-06 
14 685 260 682 189°5 62°17 
15 739 204 743 1505 | 5263 
16 766 183 773 1875 | 48°94 
17 739 1685 | 737 114 4347 
18 755 1015 | 753 72 | 26°75 
19 726 1125 | 722 81 | 28°51 
| 26°37 


any mode of suspension. As we have just mentioned, have the magnetic attraction between the dynamos and 
the belts might be expected to pull the dynamos the ground plate already alluded to. Professor Amsler 
slightly out of their central line, shifting them hori- convinced himself that these sources of error could not 
zontally; a slight deviation from the central axis materially affect the results. That this opinion is 
might also occur in the vertical plane ; and lastly, we 


3°25 758 
3°25 69°9 
10°63 67°4 65°4 
12°91 72:9 
21°92 73°74 739 
22-08 74°38 747 
24-58 66°67 
22°72 71°37 71:2 Observations Nos. 9, 10, 14, 15, 16, 
32°10 72°08 72:0 where power transmitted ex- 
36°64 7406 742 ceeded 30 horse - power, yield 
25°74 80°13 81:0 mean efficiency 73°9 per cent. 
24°88 73°98 742 
26°28 7289 | 729 
45°12 7257 | 726 | 
3904 | 7418 | 743 
37°28 | 7617 | 763 
2933 | «6747 664 
18°93 70°74 
20°42 7161 
18°09 68°61 


justified, he proves by determining the efficiencies first, 
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re 
se 
in | 
of 
d 705 15 
| 722 | 9% 11 15 ‘ 
10 | 743 | 71 | 118 747 56 17 | 8 =%j|j | 
= 1¢! 70 | 52 | 718 | 7 | 717 | 35 730 | 66 12 | 2% 
; 12 720 49 718 88 717 | 384 724 | 64 | 12 | 20 
j 13731 52 730 93 =| 731 36 731 | 66 12 20 
14 | 687) | 125 683 147 | +682, 89 683 101 12 
15 | (740) 738 | 123 | 742 | 64 | 8 15 
W | (767) 78 765 16 #773 | 78 | | | 
17 | (740) 69 738 1003 | 73s | | 737 74 15 
18 (756) 31 754 73 | #750 | 76 | 50 | 
19 | (727) 42 | 725 | 73 | 720 30 | #724 | 50 _ 
(717) 39 | 715 | 6 | 710 | 2% | | 471 | 15 
{ | | | | | 
21 | 76 | 18 | 718 | 15 | 685 | 14 | 683 | 14 | on ae 
22 | 716 | 395 715 | 42 | 716 | 30 | 4 | 35 | &S 5 
23 | «716 60 715 | 72 716) 45 713 | 57 | 9 10 
24 | 722 675 | 725 | 71 | 726 | 650 | 720 xy | 8 10 | 
25 | 716 735 | 715 | 86 716 63 | 714 655 | 10 15 
26 | 742 84 | 740 | 84 745 68 | 7H 65 Ww | 5 a 
27 | 702 124 | 112 715 | 89 Jus 
| | | 
i 29 {| 742 5 742 | 6 685 0 7 
i| 840 5 828 7 800 0 7 
TABLE II, 
| | | ‘ | | A; — A," | 
2 A | Q= As a," | 
| 
H.P. | Per cent. — : 
| | | 
| | | | | | Mean...) 702 | 
| 
21 | 722 | 38 | 686 28 | 669 | 
22 | 715 | 815 | | 65 20°37 1622 | 797 | 791 4 
23 | 715 | 138 | 714 102 | 8295 | 242 | 772 | 760 
24 | 723 | 1885 723 | «(107 | 3496 | 2701 | 773 | 76-2 
25 715 | 159 715 «(1295 3969 | 3232 | 814 81-1 
26 741 | 743 | 43°33 33:20 | 766 760 | : 
27 «702 | 230 711 +| 172 56°61 42°69 75°4 74:5 
23 | 706 | 225 715 | 169 55°45 42°18 76-0 75°3 | 
| | | Mean ... | 769 
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directly from the figures observed, by dividing the power 
A, imparted to the generators into the power A, yielded 


by the motors, this calculation giving the column A, or 


efficiency in per cent.; and secondly, by subtracting 
from the powers—absorbed or reproduced respectively 
—the powers corresponding to the minimum loads, 
and thereby eliminating those possible errors which 
cannot be controlled experimentally, but which would 
be the same for higher and smaller loads. A, and A, 
represent the powers received or expended in each 
particular case, A,” and A,° the same for minimum loads 
derived from the means of experiments No. 1 and No. 2, 
Table II., thus = 3°25; = 448; if we then 
Ag 

A, 

arrive at the commercial efficiencies by a method inde- 
pendent from the sources of error which influenced 


form the quotient of the differences 


Ay 
Ay 
a most satisfactory agreement in the commercial 
efficiencies as determined by these two methods ; those 
under Q are, of course, the more reliable figures. 

Prof. Amsler-Laffon adds a few recommendatory 
remarks to his report. The Brown dynamos are dis- 
tinguished by a simple, solid, and judicious construc: 
tion ; the brushes are easily accessible, showed very 
little sparking, and did not require any adjustment 
during the tests when more and more lamps were 
added ; there would thus be very little wear to both 
brushes and collectors. The field magnets became only 
slightly warmed during a run of several hours. The 
speed—700 revolutions per minute—Mr. Amsler regards 
as rather high. Since, however, the speed of the motors 
remained practically constant during the trials—in- 
creasing a little with augmented resistance in the 
exterior circuit—and deviated little from the speed of 
the generator, provided the latter was driven at a 
uniform rate, it appears hardly advisable to try to 
reduce the speed for the sake of questionable improve- 
ments. Mr. Amsler acknowledges further the excellent 
provision by means of automatic short-circuiting 
devices against too strong currents ; and finally dwells 
upon the remarkably high efficiency realised, which is 
scarcely likely to be surpassed. 

We must bear in mind that the percentages indicate 
commercial efficiencies, as they represent the ratio of 
power yielded to power expended, both measured 
mechanically. ‘The performances of electric machines 
have been calculated in so many different manners, that 
it may not be superfluous to set this point clear. The 
tests of November 29th yielded a mean efficiency of 
over 70 per cent. ; Mr. Brown’s previous tests of Novem- 
ber 29th gave a mean of 76°9 per cent. This difference 
requires an explanation; and the reason is pretty 
apparent. On November 22nd both primary generators 
worked with approximately equal power, hence the 
differential current in the central wire of the three wire 
connection was almost zero, and the loss of energy con- 
sequently a minimum. On November 29th, however, 
these powers differed very considerably, in some cases 
by even more than 100 per cent.; a glance at the 
columns Z, and Z, of Table I. will establish this ; 
Table Il. gives the means, and therefore does not permit 
any conclusions as to the different working conditions. 
Heavier currents could not but result under these cir- 
cumstances ; hence the lower efficiency. It will be 
interesting to mention for comparison the experiments 
on the electrical transmission of power by M. Hippolyte 
Fontaine. M. Fontaine had four dynamos in series as 
generators and three in series as motors, similar to the 
two generators in series and the two motors in series of 
Mr. Brown. In M. Fontaine’s line almost 12 horse- 
power were lost out of 96 horse-power supplied to the 
generator ; his industrial yield was 52 per cent. If we 
make the same calculation with regard to the power 
absorbed by the line in Mr. Brown’s tests, we find (in 
No. 14) with a current of 15 ampéres and a line of 10 
ohms resistance, a loss of about 3 horse-power against 


the figures in column It will be seen that there is 


62 horse-power measured at the generators. But it 
would, of course, be incorrect to deduct 13 per cent., 
which were expended in overcoming the resistance of 
M. Fontaine’s line, for the Oerlikon case, and to calcu- 
late thus an efficiency of over 64 per cent. for the 
Brown dynamo when working over a line of the length 
of M. Fontaine’s, since the whole conditions would be 
altered, and since the dynamos were not constructed 
for aline of 100 ohms resistance. But the comparison 
speaks very favourably for Mr. Brown’s dynamos, 
particularly if we consider that the tests, when the 
power transmitted exceeded 30 horse-power, that is, 
when they corresponded to the actual conditions for 
which the plant was designed—tests No. 9, 10, 14, 16— 
demonstrated a mean efficiency of 73°9 per cent. These 
are the experiments which were alluded to during the 
recent discussion of Mr. Sturgeon’s paper before*the 
Liverpool Engineering Society. 


PRE-DETERMINATION OF THE CHARACTER- 
ISTICS OF DYNAMOS. 


THE paper with the above title read before the Society 
of Telegraph-Engineers and Electricians by Mr. Gisbert 
Kapp last year, and which appeared in the ELECTRICAL 
REVIEW of November 19th last, has brought forth a 
critic on the other side of the Atlantic. “F. 8.” 
writes in the Electrical World, in reference to the 
equation given for the E.M.F. of the armature, viz., 
E, = 2, Ntn10~, the unit line being taken equal to 
6,000 C.G.S. units. 

“Let A [see accompanying figure] represent a Gramme 
ring rotating between poles N and §, and let B represent 
one coil of wire on the ring. Now, the electromotive 
force will be the number of lines added to or subtracted 
from the coil in one unit of time. Suppose the coil to 
be at the neutral point, B, and hence embracing all lines 


‘in one-half of the ring. The E.M.F. produced in pass- 


ing from B to C will be represented by } Z,, for one- 
half the whole number of lines will have been sub- 
tracted. The same will be true from C to D, and, in 
fact, for all four quadrants, so that the E.M.F. for 


one revolution, if produced in one second of time, will 

be E, = 2 Z, in C.G.S. units. If the speed be » turns 
: 

per minute, E, = 0 and if the armature contains 


N ¢ turns of wire E, becomes =, -, but as the unit 


line in the article referred to is equal to 6,000 C.G.S. 
units, we must multiply by this, and it becomes 
2Z,nNt x 6,000 

= —'—, 

6U 

“To reduce this to volts it must be divided by 10%, as 
one volt is equal to 10° C.G.S. units. Making the 
multiplication, we get for E, the following value : 


_ 22,nNt x 6,000 


x 
E, = 22Z,nNt10-. 

“T can see no fault with my work. Yet in the article 
by Mr. Kapp, referred to above, the value of E, is just 
one-half of the value obtained by me. I should be 
obliged if any of your readers can point out the fault 
in my calculation, if any exists,” 
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UNDERGROUND versus AERIAL TELEGRAP 
LINES. 


(Continued from page 195.) 


IT was pointed out in the last article that although the 
maximum working speed is obtained from an insulated 
wire when the ratio of the diameters of the conductor 
and the insulating material is given by the equation 


D 
d= 


é 


that is 7 1:649, 
yet that this was not necessarily the most economical 
proportion. 

Let p, and p, be the relative money values of copper 
and gutta percha bulk for bulk, then the sectional area 
of the conductor being 

4 
and of the insulator 
rD? «rd 
4 d?), 


the total costs of the copper and gutta percha per unit 
length of wire will be 
p, k, and p, — d*) k 
where & is a constant. The total cost, P, of both the 
copper and gutta percha will be 
P=p,@k+p.(D? —@)k 


ee 1)] 


or 

where 


Now the speed capacity, 8, of an insulated wire is, 
as we have seen, 


D 
8 =«d log} = «, @ loge a’ 


and since we have 


or 
D=VK—@n 
we get 
= loge d -* 


Now we have to make §, or Ko? maximum by varia- 
1 
tion of d. To avoid confusion let us put z for d and 


u for ke? then we have 
1 


u = 2° loge 
therefore 
du _ K VK—2? n 
at a maximum ; 
therefore 
K—2 
or since 
and 
K —@n= 
we get D 
or 


therefore p? 
py 
d mit 
therefore 
[> 
d 1649, 
therefore = 


d- 


[5] = 1°649 ; 


For simplification let 


then we have 
a 


a” +” — 1-649, 


From this equation we have to determine A. This 
is best done by gradual approximation, é.c., by giving A 
various values till one is found which satisfies the 
equation. 

Now, the relative values of gutta-percha and copper, 
weight for weight, may be taken as about 3 to 1; but, 
inasmuch as the specific gravity of copper is about nine 
times that of gutta-percha, the relative values of gutta- 
percha and copper, bulk for bulk, will be as 1 to 3; 
that is, we have 


-l= —1=2., 
We therefore get 
Aa 
a’ +? = 1-649, 
Now, if we make 
A = 


we almost exactly satisfy the equation. 

We see, then, that if we take the relative values of 
gutta-percha and copper, weight for weight, as 3 to 1, 
then a given sum of money expended on gutta-percha 
and copper in the form of an insulated wire will be 
best expended if the latter is so constructed that the 
outer diameter is about twice the diameter of the 
conductor. 

We can also see that the cheaper the insulating 
material the smaller should be the diameter of the 
conductor relative to the insulating covering. 

(To be continued.) 


An “ El Dorado ” for Telegraphists !—Speaking of a 
discussion which has taken place in the columns of the 
English Telegraphist respecting the deadly climate of 
Central America, the Electric Age, the organ of the 
American operators, says :—‘ For the benefit of our 
English brethren, we will inform them that the 
Central and South American Cable Company do not 
go to England for telegraphers because they prefer 
them. It is because the Americans cannot be per- 
suaded to throw their lives away in those countries 
where chagris and yellow fever abound the year round. 
There are too many American physical wrecks in every 
locality to make the $125 per month in bright gold the 
slightest temptation. The American operators usually 
return to the States on the steamer that carries them 
South. The English operators evidently do not enjoy 
this privilege, for the records show they are not alive 
to take a later steamer. The mortality in Central 
America is unparalteled.. If the sturdy Englishmen 
imagine they can withstand the encroachment of the 
terrible fevers that are prevalent there, why does not a 
living witness come to the front with facts ? English- 
men, as well as Americans, should beware of Central 
America.” 
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NOTES. 


The Electro-Harmonic Society—We beg to remind 
our readers that the first smoking concert of this 
newly-formed musical society wil] take place in the 
Banquet Room of St. James’s Hall Restaurant on the 
evening of Friday next, the 25th inst., at 8 o'clock. 
Those desirous of becoming members of the Society 
should lose no time in communicating with the hon. 
sec., Mr. H. Alabaster, Brockenhurst, Therapia Road, 
Honor Oak, London, S.E. 


Electric Lighting at Windsor Castle—The electric 
light installation at Windsor Castle has, it is believed, 
been arranged in order that the Queen may be able to 
judge of its effect, and the current will be supplied by 
the dynamo machinery in the chamber under the 
North Terrace. The incandescent lamps have only 
been hung in a portion of the palace, but should her 
Majesty approve the lighting it may probably be 
extended to other apartments in the Castle. 


Meters for Electric Lighting.—As will be seen by 
reference to our correspondence columns, Mr. Wright 
informs us that the meters which the Brighton Electric 
Light Company has employed for the purpose of 


showing the quantity of current consumed by its” 


customers have sustained the test of years without 
giving rise to the slightest dissatisfaction. This we 
are glad to learn. Jndustries, referring to the recent 
remarks of Lord Thurlow, last week had a few words 
to say upon this subject. “The meters used by the 
Edison Company of Milan,” said our contemporary, 
“ have given entire satisfaction to their customers, and 
in a period of over two years there has not been a 
single complaint of faulty registration or overcharge on 
the part of any of the numerous customers who are 
supplied from the central station in Milan. In 
addition to this meter, we have that ingenious appa- 
ratus devised by Mr. Ferranti, the readings of which 
are at least as accurate as those of any ordinary gas 
meter; there is a very perfect meter, devised by Dr. 
Aron, of Berlin, which has been accepted by the muni- 
cipality of that town, and which works with almost 


mathematical accuracy ; and there is the Compteur-. 


Cauderay, which, as we are informed by Mr. Crompton, 
who has exhaustively tested it, is perfectly fit for 
immediate practical use. The meter question is, there- 
fore, not a difficulty, and it will certainly not stand 
in the way of legislation.” 


The Electric Light in the Royal Navy.—The turret 
ship Colossus, which has recently joined the Mediter- 
ranean squadron, is fitted throughout with electricity. 
The incandescent lamps number 400, and are each of 
20 candle-power. There are three powerful search 
lights of 25,000 candle-power each, and in addi- 
tion to these there are yardarm lights of 400 C.P., 
which will be found to be of great advantage when the 
vessel is coaling at night. Besides mechanical tele- 
graphs to the engine room, three electric telegraphs 
have been supplied, but these have not proved an un- 
equivocal success, owing to various causes, which will 
no doubt be rectified in due course. The complete 
character of the electrical apparatus on board the 
Colossus is a striking example of the marvellous 
advance which the science of electricity has made in 
connection with the Royal Navy, especially during the 
last few years. 


The Telephone on Board Ship.—During the steam 
trial of H.M.S. Camperdown at Portsmouth, on 
Monday, the telephone was tested as a means of com- 
munication between the conning tower and the engine 
room, with success. 


Central Station Lighting—The French Edison 
Company is elaborating a scheme for the erection of a 
central station for the distribution of electricity by 
induction coils, and Industries states that Zipernowsky 
transformers will be employed. 


Electric Lighting in France.—The celebrated works 
of the Maison Cail, we learn from Jndustries, are now 
lighted with 90 are lamps, of the Gramme and Breguet 
types, and the offices are lighted with 100 glow lamps 
of 15 C.P. The installation has been fitted up by 
Messrs. Santter and Lemonnier, and Gramme dynamos 
are employed. 


Electric Lighting of Steamers.—Mr. D. J. Jenkins, 
formerly M.P. for Falmouth, has had his fine steel 
steamer, Carmarthenshire, supplied with a complete 
electric installation. Besides a projector of 24,000 
candle-power, capable of throwing a powerful ray of 
light for nearly a mile ahead, and intended for the 
purpose of making progress through the Suez Canal 
possible at night-time ; the apparatus comprises an arc 
lamp of 3,600 candle-power, 64 incandescent lamps of 
20 C.P. each, and four large portable lanterns of 600 
C.P. each. The vessel is built for the Japanese and 
China tea trade, and will prove a valuable addition to 
the fleet engaged in connection with that branch of our 
merchandise. 


The Electric Light in Derry —A fortnight ago we 
chronicled an installation which we said was the first 
of the kind to be erected in Derry. We have since 
been informed that the electric light has been in opera- 
tion in a portion of Messrs. Welch, Margetson & Co.’s 
shirt factory, in that city, for the past four months, and 
has given great satisfaction. 


Electric Lighting of Railway Trains.—We have 
been very glad indeed to see the unanimity with which 
the press of the country, says the New York Electrical 
World, impelled by the recent sad railway accidents, has 
called for the substitution of electricity in the place of all 
other agents for railway car lighting. We have also 
been glad to note the readiness with which the more 
progressive roads have responded to what is unques- 
tionably the general public sentiment on this question. 
Train lighting by the use of electricity is feasible from 
whatever standpoint it may be regarded, and the intro- 
duction of this method, though it has been tardy, will 
now go on briskly. 


Electric Lighting in Manchester and District.— 
The following electric light installations have been 
recently completed in the Manchester district :—At the 
Halliwell Mills of Messrs. Greenhalgh and Shaw, 
Bolton, 170 incandescent lights ; at Messrs. Ainsworth 
and Sons, Great Lever, Bolton, 65 lights; at Messrs. 
Crompton & Co., cotton spinners, Berry, 400 lights ; 
at Messrs. R. Platt and Sons, Cotton Mills, Hadfield, 
76 lamps ; at Messrs. Brooks & Co., wholesale grocers, 
Ashton-on-Lyne, a small installation of are and incan- 
descent lamps; at the private residence of Mr. 
Tonneley Parker at Preston, an installation, with accu- 
mulators, of 80 lamps. The above are with Elwell- 
Parker dynamos, 


Town Lighting by Electricity—It is intended on 
Sunday next to inaugurate the public lighting of 
Chateaulin—a French town—by means of electricity. 
The quays, streets, public buildings, cafés, restaurants, 
and other places are to be lighted under the direction 
of M. Ernest Lamy, and the whole town apparently 
will be en féte on the occasion. 


London and the Telephone.— How is it, “ Dogberry ” 
asks in the City Press, that London is so slow in con- 
necting itself by telephone with the great commercial 
centres? Here are Paris and Brussels chatting away 
whilst London cannot point to telephonic communi- 
cation even with Liverpool. 


Telephone Conductors,—Herr Wilhelm Christiani, 
of Berlin, Government Inspector of Telegraphs, has 
patented some improvements in the construction and 
arrangement of electrical conductors, mainly applicable 
to telephonic purposes. As many of our readers may 
probably feel interested in the contents of this specifi- 
cation, we may add that it is numbered 4,162, 1886, 
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The Telephone in Austria.—The Consolidated Tele- 
phone Company, which has exchanges in Prague, Lem- 
berg, Czernowitz, Trieste, and Graz has arranged a 
service to transmit by telephone to its subscribers any 
telegraphic messages arriving at the head offices. The 
system works well, we learn from the local corres- 
pondent of Jndustries, and is becoming popular. 


Atlantic Cables —Western Union, most watered of 
the most aqueous of American stocks, says the Finan- 
cial News, is to be again diluted. Its earnings are 
steadily decreasing, dividend payments are stopped, 
and “the directors recommend the funding of the 
dividend scrip into stock.” No wonder Mr. Jay Gould 
is anxious to get a London quotation for Western 
Union, and to unload’ his shares upon the British 
investor before the final crash. Even if the reported 
arrangement with the Baltimore and Ohio should be 
consummated, and if Mr. Gould should indirectly 
obtain control of the Baltimore and Ohio telegraph, 
the fortunes of Western Union would not be much 
bettered, for itis not on its land business but on its 
cable business that Western Union is sustaining its 
great losses. The Commercial Cable Company, backed 
by the wealth and enterprise of Messrs. Bennett and 
Mackay, and supported by the public opinion and the 
enthusiastic patronage of American business men, has 
proved too much for Mr. Gould’s company. 


Telegraph Revenue,—The receipts on the telegraph 
service for the period from April 1st, 1886,to March 12th, 
1887, amounted to £1,750,000, against £1,670,000 
received from April Ist, 1885, to March 13th, 1886. 


The Telegraph in Iudia.—Telegraphing in India, 
considering the enormous distance between the great 
centres, is cheap. “ Deferred” messages are charged 
for at the rate of 9d. for eight words or less, the address 
being free. “ Ordinary” messages cost double this 
rate, and the “ Urgent” class, which receive immediate 
transmission, four times, or two rupees for eight words. 


Erratum.—The formula in Mr. Preece’s paper given 
on page 223 of our last issue should have been as fol- 
lows :— 


+ + &e)). 


Personal.—The degree of Science Doctor has been 
conferred upon Prof. Poynting, of Trinity College, 
Cambridge, and Professor of Physics at Mason’s Col- 
lege, Birmingham. 


The Electric Light at Marlborough House,—The 
electiic light was successfully installed by the Electrical 
Power Storage Company in the Indian Room at Marl- 
borough House on Thursday last, the 10th instant, 
giving satisfaction to their Royal Highnesses’ the Prince 
and Princess of Wales, the occasion being the twenty- 
fourth anniversary of their wedding. 


Electrical Measuring Instruments,—Prof. W. Kohl- 
rausch has come to the conclusion that spiral springs 
are, on the whole, very reliable and subject to but little 
alteration. The greatest error likely to arise through 
their use in the construction of measuring instruments 
does not appear to exceed 0'5 per cent. In any instru- 
ment, however, in which the current is made to pars 
through the spring, care must be taken that the heating 
is not excessive. Steel is preferable to German silver 
as a material for the springs. 


Removal.—On and after Monday next the address of 
Messrs. J. G. Statter & Co., will be “ Alliance Engineer- 
ing Works, West Drayton.” 


Our Columns,—Owing to pressure on our space 
several articles are unavoidably held over till our next 
issue, including notes on the progress of Mr. Immisch’s 
motors, and on some improvements in switches by 
Mr. Killingworth Hedges. 


Insulating Commutator Sections.—Mr. Wm. Hoch- 
hausen, of the Excelsior Company, New York, prefers 
mica to any other material for insulating the sections 
of dynamo commutators. He says, that although said 
to be expensive compared with other substances he finds 
it cheaper in the end; it allows no copper to collect on 
the commutator, and it is very durable. 


A Generous Offer Refaused.—Recently the Western 
Counties and South Wales Telephone Company made 
an offer to the authorities at Torquay to connect the 
police station with the exchange, free of cost, subject 
to the usual conditions, that in the event of damage 
being done to the apparatus it should be made good 
by those using it. Strange to say, the offer has been 
refused, partly on account of the disinclination of the 
authorities to incur the latter trifling liability, and 
partly on other grounds, scarcely more intelligible. 
Undoubtedly it would be a great advantage to the 
inhabitants of Torquay who have subscribed to the 
exchange to be able to communicate with the police, 
if necessary, while on the other hand, the guardians of 
the peace would find the telephone an extremely easy 
means of making enquiries. 

Practical Notes Concerning Storage Batteries.— 
At the end of the second line of the last paragraph on 
page 218 of last week’s issue, the word should be 
“ hydrogenised,” and “ dehydrogenised ” should occur 
at the end of the next line. In diagram fig. 2, p. 218, 
instead of the numbers 10, 20, 30, 40, and 45, the ordi- 
nates should read ‘5, 1, 1:5, 2, and 2°25 volts respec- 
tively. 


Are Lamps.—Mr. A. W. Richardson has patented 
some improvements in the regulating apparatus of are 
lamps which have the merit of being simple. The 
number of the specification is 3,750, L886. 


Electric Current Governors.—Amongst the blue 
books just issued by the Patent Office is one numbered 
14,996, 1886, containing the specification of Charles 
Francis Brush for improvements in automatic electric 
current governors or regulators. The invention has 
for its object the automatic control and regulation of 
the strength of the current in an electric circuit in 
which the current strength is subject to variations from 
several causes. 


Electric Railways.—To those who are interested in 
improvements in or connected with electric railways, 
we recommend the perusal of the specification of 
Messrs. Bentley and Knight, No. 3,718, 1886. This 
blue book, which has just been issued, contains 21 
claims. 


Society of Telegraph-Engineers and Electricians.— 
The next meeting of this society will be held at the 
Institution of Civil Engineers, on Thursday, March 
24th, when a paper “On the Resistance of Faults in 
Submarine Cables” will be read by A. E. Kennelly, 
Associate. 


Electrical Welding.—Messrs. Rothschild, of Paris, 
have formed a new company called “ La Société pour 
le Travail Electrique des Meteaux,” which, according 
to Industries, has bought up all the patents connected 
with electrical welding and other applications for the 
working of metals by electricity. 


The late Prof, Fleeming Jenkin,—It is stated that 
Mr. Robert Louis Stevenson, who stands at the head of 
the powerful school of young Scotch novelists, is en- 
gaged upon a Life of the late Prof. Fleeming Jenkin. 


The Davey Motor in France.—The Davey domestic 
motor is now employed in some private houses in 
Paris for electric lighting, the current from the dynamo 
being directly used for feeding the lamps. So far, 


Industries states, the motor has given entire satisfac- 
tion, the light being steady and the attendance very 
trifling. 
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Obituary.—Sir William Andrew, the founder and 
promoter of many of the Indian railways, whose death 
is announced, was also active in the development of 
the telegraph in India. 

We regret to announce that Mr. Alfred I. Frost, 
Librarian to the Society of Telegraph-Engineers and 
Electricians, died on Monday night after a lingering 
illness. 


Tenders Wanted.—The Manchester, Sheffield and 
Lincolnshire Railway Company invites tenders for 
signal and telegraph materials, to be sent to the 
secretary, London Road Station, Manchester, by the 
30th inst. 


Electrical Transmission of Power.—The Compagnie 
Electrique is now preparing some experiments, which 
will be publicly shown in about five weeks’ time. 
The object, Industries says, is to give a demonstration 
that the transmission of power electrically is easy and 
economical. At the generating station there will be 
employed four dynamos, placed in series, producing a 
total of 8,000 volts, and the power will be obtained 
from four motors, also placed in series; whilst the 
circuit between the groups of generators and motors 
will represent a line of 100 ohms resistance. 


Frauds in Connection with the “ Great Fastern,”-— . 


Last Saturday, Mr. Baron Pollock sentenced Messrs. 
Barber and Marsden, directors of the Great Eastern 
Steamship Company, which was wound up in 1885, to 
one month’s imprisonment without hard labour, and 
Mr. Thomas Brown, shipbroker, to three months’ 
imprisonment without hard labour, for conspiracy to 
defriud in connection with the chartering of the Great 
Eastern by a syndicate with the object of sending the 
vessel to the New Orleans Exhibition. 


Partnership Dissolved.—We notice the dissolution 
of partnership hitherto existing between Messrs. C. D. 
Barker and Leslie B. Miller, electrical engineers and 
consulting chemists, and that the business is being 
continued by Mr. Barker, who has moved into larger 
premises at 79, Turnmill Street, which is close to 
Farringdon Street Station. Messrs. Price, Sons and 
Company, for whom Mr. Barker has acted as London 


representative for so long, have also secured commo- ~ 


dious show and store rooms at the same address, where 
samples of their electrical stoneware insulators, battery 
jars, &c., may be seen. 


Secondary Generators or Transformers.—It may not 
be generally known that the so-called Westinghouse 
system of generators, of which Dr. Moses speaks in the 
paper which we publish this week, is nothing more nor 
less than that of Messrs. Gaulardand Gibbs. Dr. Moses 
gives credit to these gentlemen for more than they have 
any right to, as may readily be gathered from 
Mr. Kennedy’s article, which also appears in our present 
issue. 


Mariners’ Compasses,—At a recent meeting of the 
Royal Scottish Society of Arts, Edinburgh, a paper on 
“Improvements in the Marine Compass and its Adjust- 
ments” was read by Mr. F. M. Moore, Belfast. The 
improvements were shown to consist in the construc- 
tion of the compass combined with the correctors. In 
this form of the compass the correctors oscillate with 
the motion of the vessel, as they are attached to the 
bow], without the power of being interfered with ; and 
it is claimed that accordingly the so-called “ heeling 
errors,” which are usually caused by the ordinary mode 
of adjustment, are obviated. Any “heeling errors” 
arising are consequently attributed to the ship and the 
fittings, not to the manner of the adjustment. 


Electrical Tramway Systems.—Our readers have this 
week the opportunity of studying the peculiar features 
introduced into the Field method of tramear pro- 
pulsion. American inventors appear to be as prolific in 
this direction as in the better-known branches of the 
application of electricity to industrial purposes. 


Electric Tramways in America,—In reply to tle 
letter upon this subject by Mr. Holroyd Smith in the 
REVIEW last week, we have received the following 
from “ A Shareholder of the Bentley-Knight Electric 
Railway Company of New York,” too late for insertion 
in the proper place :—“ Letters to public journals are 
so often used as a means of cheap advertisement that a 
reply to Mr. Smith may be only working into his 
hands to effect that purpose ; but such considerations 
must not deter me from answering his letter relative 
to the Bentley-Knight system of electric tramways 
which appears in your issue of the 11th inst. He, with 
that characteristic modesty which is appreciated by all 
who know him, indicates that nothing else exists as a 
system (?) outside the inventions of his own fruitful 
brain, and we may be pardoned in the public interest 
for presuming to disturb his assumptions. Looking at 
the history of electric tramways, we see no reason for 
discounting the independent efforts of other inventors 
than Mr. Smith, nor for considering him as the only 
practical pioneer of this important branch of engineer- 
ing. Successful work in Paris at the Exhibition of 
1881 demonstrated the electric tramway as an accom- 
plished fact, while in America Edison, Daft, Adams 
and others had made similar progress, but at this date 
Mr. Smith had not yet turned his master mind to this 
subject. It was not till considerably later that the 
magnificent. idea dawned on Mr. Smith (after seeing 
the Halliday cable system of conduits) that conductors 
might be laid similarly in conduits, and in lien of a 
grip, a sliding contact should be introduced to operate 
a motor to propel a tram car!! And here was the 
germ of rendering electric traction practicable. From 
that date other systems, such as the Portrush, Volk’s, 
Siemens’s in England, besides numerous American and 
European inventions, were as nothing and Mr. Smith’s 
everything, and so according to his letter it is at 
present. It now only remained for Mr. Smith to put 
his ideas into practice. Experiments with apparatus 
at Halifax, information gleaned from manufacturers of 
dynamos who hoped in the future to be able to obtain 
orders for the same work at Blackpool Winter Gardens, 
paid for by others who enjoyed nothing beyond that 
privilege, all helped rapidly to advance the “ system ” 
Smith ; and to-day we learn that American inventors 
must pause ere they venture on work involving ideas 
entertained before even Mr. Smith’s advent, or they 
may be dealt with as infringers of his valuable patents. 
It may be a readier and cheaper way for this notice to 
be given us by Mr. Smith through your journal than 
by a solicitor, but when it does come otherwise we 
shall be ready to deal with it at the proper place 
and time.” 


The Telephone Appreciated, — Mr. Killingworth 
Hedges, in discussing telephonic and telegraphic com- 
munications in India in the columns of a contemporary, 
mentions one or two amusing facts. The telephone 
wires, he says, ure run on insulators supported by 
brackets fixed to the walls of houses, the flimsy 
character of the roofs, which would not bear a pole 
and wires, rendering this plan necessary. The lines 
within the native town have to be watched by a patrol, 
whose duty it is to remove obstructions, as the wires 
offer advantages for drying clothes, which the people 
appreciate, and, in spite of constant inspection, the 
working is at times stopped by obstacles of this kind. 
The number of calls at the Bombay Exchange averages 
34 for each subscriber per week; at Calcutta the 
average is 20; the difference being accounted for by 
the greater number of native subscribers at the former 
city, who use the telephone on every possible occasion. 
The excessive talkativeness of the natives is supposed 
to be the reason why the Government objects to the 
introduction of the telephone in the departmental 
offices. 


Fatal Gas Explosion,—At Sheffield, a married lady 
named Wilson has died from injuries received in a 
gas explosion a few days ago. 
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_ Underground Wires in the City,—Last week we 
stated that an announcement had reached us that the 
City Commissioners of Sewers had decided in future 
not to entertain applications for permission to lay pipes 
for telegraph wires in the streets under their control. 
We communicated with the City engineer, Colonel 
Haywood, with a view to the elucidation of this some- 
what mysterious statement, and have received from 
him a reply to the effect that the Commissioners have 
come to no general resolution in reference to laying 
wires underground, but will deal with each application 
on its merits when made to them. According to 
another source of information, the Commissioners, 
while anxious to get the telegraph wires underground, 
object to having the thoroughfares constantly broken 
up for the construction of private wires, and several 
applications of this kind have been refused. 


French Daties on Magneto and Dynamo-Electric — 


Machines.—<As regards the position of magneto-electric 
and dynamo-electric machines in French custom houses 
the following facts are worth noting :—They must be 
considered as belonging to the class of ‘“‘ machines not 
particularised,” and are subject to the corresponding 
duty if their weight reaches 30 kilos.; but if their 
weight is less than 30 kilos. they can be considered as 
“scientific instruments.” Accumulators may be taxed 
according to the kind of metal they contain, and the 
accessories to electric lighting, such as switches, lamps, 
regulators, &c., must be declared as “ metal goods.” 


City and Guilds of London Institute—The Council 
of the City and Guilds of London Institute for the 
Advancement of Technical Education gave a very 
successful conversazione at the Central Institution, 
South Kensington, on Wednesday evening last, a very 
large company accepting the invitation to meet the 
Lord Mayor and Lady Mayoress, the Sheriffs of London 
and Middlesex and the Masters of the Livery Com- 
panies, The guests were received in the library by 
the Earl of Selborne (Chairman of the Council) and 
Lady Waldegrave, Sir Sydney Waterlow (Treasurer) 
and Lady Waterlow and Mr. H. Saunders, Q.C. (Chair- 
man of Executive Committee) and Mrs. Saunders. All 
the rooms were made interesting by exhibits of appa- 
ratus, experiments and processes of a very varied 
character, some of the students officiating as stewards, 
and giving any desired explanation. A popular ballad 
concert was given in the large hall by a choir and 
orchestra selected from the classes trained by the 
Popular Ballad Concert Committee in Clerkenwell, 
Bermondsey and Whitechapel. Glees, madrigals and 
part songs were also sung in one of the lecture rooms 
under the direction of Mr. Edward Plater, assisted by 
Messrs. J. A. Brown, H. Taylor, E. Dalzell and R. 
Hilton. <A large audience assembled in the lecture 
theatre where Prof. Ayrton gave a demonstration of 
the Mechanical Production of Electric Currents in 1837 
and 1887, considerable amusement being caused by his 
concluding illustrations of the domestic use of electric 
motors in such operations as grinding coffee, chopping 
potatoes, cleaning knives, polishing plate, blackleading 
grates, sawing wood and washing clothes. Amongst 
the firms rendering valuable assistance in the way of 
apparatus were Messrs. Siemens Bros., Messrs. Wood- 
house & Rawson, Mr. Immisch, and the Electrical 
Power Storage Co. 


The Electrical Transmission of Power,—It will be 
interesting to learn whether the results obtained in 
actual practice with the dynamos and motors of Mr. 
Brown will correspond with the data obtained in the 
workshop, full particulars of which may be seen in 
our other columns. It is possible that a critical exami- 
nation of the figures may show some error, for the 
percentage of return, so far as previous experience 
goes, seems almost too good to be true. 


Mr. Edison,—In last Saturday’s Evening Standard 
was a paragraph to the effect that Mr. Edison was 
hopelessly ill with lung disease. 


Red Sea Cables.—A TJimes telegram from Suakin on 
Wednesday stated that the Eastern Telegraph Com- 
pany’s ship Chiltern would leave on Thursday for 
Massowah to assist in laying a cable from Perim to 
Massowah. 


NEW COMPANY REGISTERED. 


Schmidt Douglas Electric Company, Limited.— 
Capital £50,000 in £10 shares. Objects: To acquire 
the business of F. T. Schmidt and R. C. Douglas, trad- 
ing as Schmidt, Douglas & Co., at Hustlergate, Bradford, 
electrical engineers, contractors and manufacturing 
electricians. Signatories (with one share each), *F. 
Hungerford, Halifax; *J. Horden, Huddersfield ; 
*J. Haley, Cleckheaton; *E. Pye, Bradford; J. F. 
Schmidt, Bradford ; J. D. Taylor, Halifax ; T. England, 
Lightcliffe, near Halifax. The first four subscribers 
and Mr. F. T. Schmidt are the first directors, qualifica- 
tion—10 shares; remuneration—£50 per annum to 
each ordinary director, and £100 per annum to the 
chairman. Registered on the 12th inst. by Mr. Charles 
Doubble, of 14, Serjeani’s Inn, Fleet Street, as agent 
for Messrs. Englandand Foster, solicitors, of the Town 
Hall Chambers, Halifax. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Anglo-Spanish (Brush) Electric Light and Power 
Company, Limited,—The final meeting in connection 
with the winding up of this company was held on the 
14th inst., when an account was laid before the share- 
holders, showing the manner in which the winding up 
of the company has been conducted and its property 
disposed of. 


J. B. Rogers Electric Light and Power Company, 
Limited,—Upon the application of the official liqui- 
dator of this company, and after hearing the solicitors 
for the applicant, the Chancery Division of the High 
Court of Justice has ordered that the company be dis- 
solved from the 22nd ult., the affairs of the company 
having been completely wound up. The order of the 
court was duly registered on the 9th inst. 


Self-Propelling Motor Syndicate, Limited, — The 
annual return of this company made up to Novem- 
ber 15th, 1885, was filed on November 5th, 1886. The 
nominal capital is £20,000 in £5 shares; 3,856 
shares are taken up, upon which the full amount has 
been called. £13,100 is considered as paid upon 2,620 
shares, and upon the remainder the calls received 
amount to £3,380, leaving £2,800 unpaid. The total 
amount of shares for which share warrants comprising 
one share each are outstanding (1,494) is £7,470, the 
total amount of share warrants, comprising shares or 
stock issued since the last summary is £3,520; the 
total amount of share warrants, comprising 20 shares or 
stock, surrendered since the last summary is £100. 

An extraordinary general meeting of the shareholders 
of this company was held at the offices, 58, Coleman 
Street, on the 9th ult., when the following special 
resolution was unanimously passed, and at a subsequent 
general meeting held on the 4th inst. was confirmed, 
viz. :—“That the name of the syndicate be, and is 
hereby changed to ‘The Petroleum Engine Company, 
Limited.’” 


Jablochkoff and General Electricity Company, 
Limited.—The annual return of this company made 
up to the 10th inst. was filed on the 11th inst. The 
nominal capital is £20,000 in 200 shares of £100 each. 
90 shares are taken up, and the full amount has been 
called and paid thereon, the paid up capital thus show- 
ing an increase of £1,500 as compared with the previous 
return. 
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TABLE oF COMPARATIVE RESULTS OF ORES TREATED BY | 


1.—ORDINARY AMALGAMATION, 2,—IYDROGEN-AMALGAM PROCESS. 
a Character and Value of the Ore Treated. = 
Remarks. Extracted. Remarks. 

In practice much gold is lost in About | No. 1.—Decomposed porphyry, | $1.65, = |'Too much| Loss of mercury none. Fine- 

float and slimes. $1.49 with iron and copper sulphu-| 31 pr. ct. | water to ness of ore about 40 mesh. 
: . per ton. rets. Containing gold $5.99 per | of assay. | estimate. 
ton. 

In practice these tailings have not No. 2.—Tailings. Quartzose car- | $2.58, = 2} Loss of mercury none. Fine- 
been successfully worked by rying sulphuret of iron and | 334 pr. ct. ness of ore 40 to 60 mesh. 
analgamation. rusty gold. Containing gold | of assay. 

$7.75 per ton. 

Received from Dr. R. M. Eames, | About | No. 3.—Quartzose ore, partially | $16.53, = oy Loss of mereury none. Fine- 
and stated as yielding $10.50per | $10.50 decomposed and carrying sul- | 94 pr. ct. ness of ore about 40 to 60 
ton by ordinary amalgamation. per ton. phuret of iron and iron oxide. | of assay. mesh. 

Containing gold $17.57 per ton. 

This ore has heretofore never paid. | About | No. 4.—Iron and copper sulphu- | $8.89, = 6 Loss of mercury none. Fine- 
Saved by amalgamation and 31 rets in quartz. Containing | 51 pr. ct. ness of ore 100 mesh. 
concentration combined, per ton. gold $17.56 per ton. of assay. 

Received from Dr. R. M. Eames, No. 5.—Earthy, carrying iron py- | $1.86, = 6 Loss of mercury none. Fine- 
and stated as not workable by rites. Containing gold $2.90 | 65 pr. ct. ness of ore 100 mesh. 
amalgamation. per ton. of assay. 

LEGAL. 1 should state in this connection that after the treatment of 


Dale v. Bruce,—Before Mr. Justice Grantham, sitting 
without a jury.—In this case the plaintiff, an aeronaut, sought to 


recover, from an inventor and lecturer upon electricity, salary at - 


the rate of £5 a week in respect of an engagement to conduct 
some balloon operations at the Crystal Palace. The defendant 
entered into an arrangement with the Crystal Palace Company to 
provide a captive balloon, and employed the plaintiff to superin- 
tend the ascents. After a few weeks the defendant dispensed 
with plaintiff’s services, and the latter now claimed to be remune- 
rated on the basis that the arrangement was that he should be 
employed for 16 weeks. The defendant, however, stated that the 
arrangement was from week to week. His lordship did not think 
the engagement was for 16 weeks, but a weekly one, although no 
doubt there was an expectation that it would continue for the 
longer period. He thought, however, the plaintiff was entitled 
to a week’s notice or salary, and he therefore gave judgment for 
him for £5, with costs. 


CITY NOTES, REPORTS, MEETINGS, &c. 


Hydrogen-Amalgam Company, Limited. 


Tue Directors have addressed the following intermediate report 
to the shareholders :— 

The successful and satisfactory results of the treatment of gold 
ores of all characters and from various countries has been fully 
maintained. 

The company’s process has been lately tested in America by the 
highest authority, for the information of some persons largely 
interested in gold mining ; a copy of the report made to them has 
been furnished to the company. The trials were made at the 
School of Mines in Columbia College, New York, and were carried 
out by the head of the department of mines and his staff, viz., 
Professor P. de Pierre Ricketts, E.M., Ph.D., &c. The trials were 
continued daily, and extended over a period of six weeks. The 
following paragraphs and comparative table are verbatim extracts 
from the report of Professor Ricketts :— 

Quality and Quantity of the Work.—The trials made with the 
Hydrogen-Amalgam Process were of two classes—the more 
thoroughly to test the claim of the inventor, viz.: that in the 
case of every ore the quantity of gold extracted by this new pro- 
cess would not only exceed that extracted by any other system 
of amalgamation but that the extraction could be effected with 
greater economy. The object of the first class of trials was to 
test the capacity of the apparatus, its method of working, labour, 
cost, and the new method here adopted for insuring and preserv- 
ing under all conditions the mercury in a ‘quick’ and lively 
state, and free from all possibility of ‘sickening’ (by the use of 
electricity). The ores employed for the above purposes contained 
sulphide of antimony, magnetic oxide of iron, iron and copper 
pyrites, &c., kc. None of them had any effect upon the mercury, 
although treated in the raw state. The second class of trials was 
made upon several types of refractory and otherwise difficult 
ores, which in practice had a deleterious effect upon the the 
mercury and yielded but small proportions of the precious metal, 
and of which I either had, as in some cases, and could, in other, 
obtain reliable records of the gold now and hitherto extracted. 
In this way a comparison of results between existing methods of 
amalgamation and that of the Hydrogen-Amalgam Process here 
under consideration could be made. The following ‘ Comparative 
Table’ gives the results of these trials, 


each of these ores the mercury remained bright and lively in all 
cases, and free from sickness. No loss of any mercury could be 
detected although the tailings of each test were closely examined. 
The column headed ‘Ton Rate per Day’ indicates the quantity 
of ore which could be treated per day under similar conditions to 
those existing at the time of making each test. In general I 
should say that a machine of the size tested will treat from 8 to 
10 tons of gold ore per day, and give sufficient time of contact 
with the mercury. Of course the quantity of ore which can be 
put through depends upon the size of the machine, the speed of 
dise revolution, and the diameter of the ore hopper as well as the 
length of time required for contact. The economical relation 
between these features is a matter of experiment with each indi- 
vidual ore.* 

* Conclusion.—F rom the foregoing statements and results it will 
be readily seen that the special points and advantages of this 
process and machine, are :—Ist. The maintenance of a ‘ quick’ 
and lively condition of mercury, and the prevention of any 
‘ sickening’ or ‘ flouring’ whatever the character of the ore. 2nd. 
The prevention of the loss of any mercury. 3rd. Improved con- 
tact of the ore and mercury without mechanical grinding or in 
any way breaking the body of the mercury. 4th. The extraction 
from the ore treated of all gold that is capable of amalgamation. 
This process does not claim to decompose sulphurets or arsenical 
ores, but it will work such ores and all others without any loss of 
mercury. 5th. The automatic action of the machine and the 
slight cost for working and repairs. 6th. Improved method of 
applying electricity to amalgamation so that a slight current is 
all that is necessary as the resistance is constant. 7th. The im- 
possibility of any float gold passing off on the surface of the water 
as is the case in ordinary processes of amalgamation. 8th. The 
non-clogging of the machine or cutting of the mercury by sulphu- 
rets, very heavy or pasty ores,a matter which is of very great 
importance. Finally—I would state that, if any ore can be 
worked without fear of ‘ sickened’ or ‘ floured’ mercury and with- 
out any loss of mercury, with absolute contact of the ore and 
water with the always clean and quick mercury, in a machine 
even and automatic in its action and requiring little attention, I 
am of opinion that these are the best conditions for gold amalga- 
mation. As this Hydrogen-Amalgam Process possesses these 
conditions I am therefore satisfied that it will increase the yield 
of gold over that now obtained by ordinary well-known processes 
of gold amalgamation with due regard to economy in the labour 
and cost of working.—Very respectfully yours, 

(Signed) P. de P. Rickerts, E.M., Ph.D., &c.”’ 


The licensee for the use of the amalgamator in Portugal, after 
using it continuously for three months, and treating a large quan- 
tity of heavy sulphide of antimony ore, 1 eports, that upon cleaning 
up and weighing the mercury he found there had been no loss of 
mercury during the whole period. 

Trials were made in New York at the request of some gentle- 
men largely interested in the working of silver ores where large 
quantities of mercury are lost, in order to ascertain the power of 
the amalgamator to recover the lost mercury from the tailings. 
Professor Ricketts reports upon these tests as follows :—“ From 
these tests, I should say that this process can be successfully em- 
ployed for saving ‘floured quick’ and fine amalgam in tailings 
from mills working on silver ores.” 

Another trial was made upon the tailings from one of the largest 
and most successfully worked mines in America. The tailings 
contained about 2 Ibs. of lost mercury to the ton. From these 
tailings was extracted by the company’s amalgamator, about 75 
per cent. of the lost mercury and 30 cts. of gold and silver. This 
successful adaptation of the amalgamator to the recovery of lost 
mercury greatly increases the value of the company’s process. 

Agreements have been made for several countries for which 


* The Amalgamator here used was 42 inch, class A. 
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orders for a large number of machines have been, or are being, 
fulfilled—the continuance of such agreements depending upon in- 
creased orders within specified limited time, and other conditions 
and considerations. 

The construction of amalgamators of improved pattern is now 
being actively carried on, and the terms demanded for each 
amalgamator is £100, and also an annual royalty of £100. 

The long succession of working trials made by the company 
confirms the claim made for this process, viz.: that the quantity 
of gold extracted by this method of amalgamation is larger in all 
cases than by that of any other—the increase in some cases being, 
as shown in Professor Ricketts’ comparative table, one of 700 per 
cent. The cost of working the amalgamator has in no case been 
estimated at more than 4d. per ton, while the loss of mercury is 
from all sides returned as “nil.” Further negotiations for the 
use of the company’s process are in progress. 


The German Union Telegraph and Trust Company, 
Limited. 


Tue report of the directors states that the total receipts during 
the 12 months amount to £13,113 6s. 8d., which, with a balance of 
£12 7s. 1d., brought forward from last account, make a total of 
£13,125 13s. 94. The expenses for the same period amount to 
£794 18s. 10d., of this sum £750 is provided by the German Union 
Company, of Berlin. 

Out of the receipts an interim dividend of 5s. 9d. per share was 
distributed on January 14th last, and the directors recommend 
the payment of a further dividend of 6s. 3d. per share, making a 
total distribution for the year of 12s. per share, free of income tax, 
or at the rate of £6 per centum per annum (as against £5 paid 
last year), leaving a balance of £30 143. 11d. to be carried over to 
next account. 

The cables are in good working order; the traffic, which had a 
considerable increase last year, has been regularly carried on 
without any interruption. 

The low cable rates for the Atlantic messages have, since May 
last, led to a large augmentation of traffic over the German Union 
system, to the extent of about 114 per cent., and as the Berlin 
Company have secured to them by their agreements a minimum 
tariff for their line, they are necessarily placed in a privileged 
position as compared with other trans-Atlantic companies, and 
will continue to profit by the increased business which low rates 
have brought about. 

The establishment of a repeating or relay station at Lowestoft 
has answered the expectations formed of it, and has led to very 
efficient working arrangements. On the occasion of the remark- 
able interruption of the land wires in England on December 26th 
last, the Berlin Company was able to be of signal use in carrying 
on the traffic between the Continent and this country, when all 
other routes were temporarily interrupted. 

The renewal fund and reserve fund of the Berlin Company, now 
amount to £67,738. Their capital is £330,000. 


Eastern Extension, Australasia and China Telegraph 
Company, Limited.—This company announces the payment of a 
dividend of 2s. 6d. per share on the 28th proximo for the quarter 
ended December 31st, together with a bonus of 2s. per share, 
both free of income tax, making the total distribution for 1886 
6 per cent., with the addition of £38,550 to the reserve, raising 
that fund to £569,440. 


TRAFFIC RECEIPTS. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the week 
ending March llth were £3,403 after deducting the fifth of the gross receipts 
payable to the London Platino-Brazilian Telegraph Company, Limited. 


The Brazilian Submarine Telegraph Compuny, Limited. The traffic receipts for 
the week ending March 11th amounted to £4,215, 


NEW PATENTS—1887. 


3310. “ Electric lighting of trains.” R. C. Sayer. Dated 
March 4. (Complete.) 


3323. “ Primary batteries.” C.L.Twrepate. Dated March 


3342. “ Measuring the coefficients of self-induction or of 
mutual induction.” W.E. Ayrton, J. Perry. Dated March 4. 


3346. “ Lighting railway trains electrically.” I. A, Tumis. 
Dated March 4. 

3358. “ Electric pump apparatus.” M. A. Micaris, A. 
Dated March 4. (Complete.) 

3428. “ Portable electric warning or signalling arrangement for 
platelayers, &c.” F,T. Remer. Dated March 7. 

3437. “ Connecting and mounting medical coils for curative 
purposes.” R.Duruine. Dated March 7. (Com- 
plete. 


3469. “Electric primers and mechanism for firing breech- 
loading guns.” ©, A. McEvoy. Dated March 7. 
3478. “ Differential and other are lamps.” 
Durreck. Dated March 7. (Complete.) 

3525. ‘ Looms for weaving tubular fabrics, covering electric 
cables, &c.” T. C. Barractover. (Communicated by B. 
Arnold.) Dated March 8. (Complete.) 


J. A. 


3533. ‘ Electric railway signalling apparatus.” A. M.CLarK. 
(Communicated by J. D. Gould.) Dated March 8. 
3551. ‘ Floating electro-contact or automatic mine.” J. P. 


Gippins. Dated March 8. (Complete.) 

3560. ‘ Holders and fittings for electric lamps.” E. C. War- 
RnuRTON. Dated March 9. 

3588. “ Driving dynamo-electric and magneto - electric 
machines.” G. Taney, T. Jerrerres. Dated March 9. 

3605. Simultaneous telegraphy and telephony.” C. SELDEN. 
Dated March 9. 

3608. “Dynamo-electric machines.” J. D. F. ANnprews. 
Dated March 9. 

3609. “ Dynamo-electric or magneto-electric machines and 
motors.” D. Haurin, I. A. Trmmis. Dated March 9. 

3611. “ Laying electrical conductors underground.” G, Forpes. 
Dated March 9, 

3651. “Combined apparatus for applying a current of electri- 
city, testing and recording strength, &c.” T. V. Riorpan. 
Dated March 10. 

3653. “ Acoustic mouthpiece for sound conducting instruments”’ 
8S. Smirx. Dated March 10. 

3658. “ Alternating current transformers or induction coils.”’ 
R. Dick, R. Kennepy. Dated March 10. 

3688. ‘Thermopiles which are heated and cooled by means of 
the circulation of fluids.” G. E. Dorman. Dated March 10. 

3699. “ Electric arc lamps.”” L. Hanson. Dated March 11. 

3745. “Illuminating devices to be used for electric light.” 
G. E. Forrest. Dated March 11. 

3749. “ Electrical apparatus for preventing corrosion and the 
formation of scale in steam boilers.” M. Koryra. Dated March 
11. 

3767. “ Checking or arresting the feed-of an are lamp and 
appliances therefor.” J. Lea. Dated March 12. 

3781. ‘ Thermopiles which are heated and cooled by the circu- 
lation of liquids.” G.E. Dorman. Dated March 12. 

3782. “Electric telegraphs.’’ E. Epwarps. (Communicated 
by D. Kunhardt.) Dated March 12. 

3783. “Morse keys with multiple contacts for simultaneously 
transmitting the same telegram to several stations.” UL. 
Epwarps. (Communicated by E. Cassalette and D, Kunhardt.) 
Dated March 12. 

3784. “Electric railway signals.” E. D. Weis. Dated 
March 12. 

3785. “ Junction and testing boxes for electrical conductors.’ 
E. W. Becxinasatr. Dated March 12. 

3790. “Electrical station indicator.” F. Nicnoison. 
Dated March 12. 

3792. ‘ Electrical fire alarm.” H.S. Perit, H. 8S. Bresson. 
Dated March 12. 

3796. “ Generating electricity by the direct combustion of 
carbon fuels.” G.C. Fricker. Dated March 12. 

3811. “ Method of obtaining electricity.” T. R. Weston. 
Dated March 14. 

3828. ‘ Electro-magnetic marine governors.” A. 
Dated March 14. 

3831. “ Apparatus for transforming alternating electric 
currents into other alternating currents.”” F.C. H. E. 
Harrison. Dated March 14. 

3856. ‘ Making filaments of carbonisable material suitable for 
conversion into conductors for use in electric glow lamps. T. V. 
Hueues. Dated March 14. 

3878. ‘“ Electrical alarm clocks.’”” H. Boarpman. Dated 
March 15. 

3917. “Telephone registers.” Wirrensera. Dated 
March 15. (Complete.) 

3933. “ Electric signalling instruments for ships’ telegraphs.” 
T. Norpenrett. Dated March 15. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1886. 


9594. ‘“ Animproved solution or electrolyte for primary electric 
batteries.” H. Weyrmerscn and J. Wuittatu. Dated July 24. 6d. 
The improved solution consists of the following ingredients, 
viz :—One part by weight of permanganate of potash; four parts 
by weight of sulphate of potash ; eight parts by weight of sulphate 
of magnesia; 128 parts by weight of bichromate of soda; 256 
parts by weight of sulphuric acid. Water is added in quantity 
depending upon the strength of battery required. 
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11120. “Improvements in and relating to medico-electrical 
apparatus.” J.R. Harp. Dated September 1. 8d. Relates 
in the main to what are known as “ galvano-Faradic ” medico- 
electrical apparatus for use by physicians. The novel features 
of the invention are comprised in the construction of the rheotome 
or electrical circuit breaker ; in the pole changer ; in the combina- 
tion and arrangement of the pole-changer and the shifting switch 
for directing the battery current, and in a novel adjusting device. 
The claims are 16 in number. . 


11194. “An electrical motor escapement for clocks.” H. 
Davey. Dated July 19. 6d. Claims :—1. An electrical motor 
escapement for a clock consisting of a weighted lever which 
during the swing of the pendulum in the one direction is raised 
and held by the attraction of an electro-magnet on an armature 
attached to the lever until the pendulum in its return stroke 
opening the circuit of the magnet releases the armature and 
receives an impulse from the descent of the weighted lever, sub- 
stantially as herein described. 2. The combination of the electro- 
magnet and its armature and the lever with the pendulum rod 
and the contact lever, substantially as and for the purposes herein 
set forth. 

13832. ‘Improved means for electrically lighting lamps or 
thelike.” A. ScHweizer and 8S. Grunwatp. Dated October 28. 
6d. Claim :—The combination of an electrical igniting device 
with the house telegraph connection, either by adding a third 
wire to the connection, or by inserting a resistance in the connec- 
tion in advance of the alarm signal, for igniting a movably sus- 
pended benzine light by means of a platinum coil when the 
contact has been made by tension on a cord or by pressure on a 
suitable knob, substantially as and for the purpose set forth in 
the specification and shown in the drawing. 

14352. 
electric machines and electro-motors.” J. Woptcka. Dated 
November 6. 6d. Claims:—1. In aring armature, the system 
of connecting together the interior ends of opposite coils, sub- 
stantially as described and illustrated in the drawings. 2. Ina 
ring armature, the method for connecting the exterior free ends 
of the coils to acommutator composed of half the number of seg- 
ments that there are coils, substantially as described and illus- 
trated in the drawings. 


15078. ‘Improvements in automatic electric liquid level 
indicators.”’ J.J. Gure@an. Dated November 20, 6d. Claims :— 
1. The combination of a selenium cell with a translucent liquid 
containing vessel, anda source of light, substantially as described. 
2. Inan automatic liquid level indicator, the combination of a 
source of light; a liquid translucent containing vessel; an 
opaque float therein ; and a piece of selenium forming part of an 
electric circuit containing a translating device such as an electric 
signal; said float being normally between said source of light and 
said selenium. 3. In an automatic liquid level indicator, the 
combination of a source of light, a condensing lens, a liquid 
translucent containing vessel, an opaque float in said vessel, a 
piece of selenium, and an electric circuit including a translating 
device such as an electric signal; said source of light, lens, float, 
and selenium lying normally in an approximately straight line. 
4. In a liquid level indicator, the combination of a lamp, a double 
convex lens attached thereto, a liquid containing vessel, a funnel 
shaped mouth fixed upon the side of said vessel, an opaque float 
of glass in said vessel, a piece of selenium, and an eleetric circuit 
containing an electric bell; said lamp, lens, funnel, float, and 
selenium being normally in an approximately straight line, as 
and for the purposes described. 


PROCEEDINGS OF SOCIETIES. 


The Society of Telegraph-Engineers and Electricians. 


Ar an ordinary general meeting of this society held at the Insti- 
tution of Civil Engineers on ''hursday, March 10th, the following 
paper was read: ‘ On Reversible Lead Batteries and their Use 
for Electric Lighting,” by Dresmonp G. Fitz-Grratp, Member. 
When the cheap production of electrical power by means of the 
dynamo machine was first realised as a fait accompli, there were 
many who naturally, but somewhat rashly, assumed that cheap 
electrical power would immediately become generally available 
for electric lighting in private dwellings and for many other 
applications on a small seale. These anticipations, we all know, 
were doomed to disappointment—most of us have found it im- 
practicable to introduce electrical power into the household ; and 
the privilege of making use of the most beautiful, cleanly and 
hygienic means of artificial lighting has hitherto been denied to 
us. It may be interesting at the present moment—when the 
lead storage battery is claiming renewed attention—to glance 
briefly at the grounds for the sanguine anticipations which were 
formed soon after Werdermann brought the machine of Gramme 
into this country, to recall some of the main causes of their non- 
realisation, to examine critically the accepted views as to the 
chemical and electro-chemical reactions involved in the working 
of storage or reversible lead batteries, to estimate the probable 
extent to which such batteries may be improved, or the room 
there may be for improvement, and, lastly, to consider, at least in 
its primi facie aspect, the question as to the practicability of 


“Improvements relating to the armatures of dynamo- - 


carrying the original anticipations into effect by means of an im- 
proved form of reversible lead battery. 

It is admitted by high engineering authority that, with steam 
engines of improved construction and of not less than 300 H.P. 
nominal, it is quite practicable to obtain a H.P.-hour mechanical 
by the combustion of 2 lbs. avoirdupois of good coal. Allowing 
20s. per ton for such coal, the cost of the fuel to develop this 
quantity of energy would be considerably under one farthing 
(‘214d.). Putting the commercial efficiency of the dynamo 
machine at the very low figure of 70. per cent., the cost of the 
H.P.-hour electrical would be less than one-third of a penny 
(‘306d.). Taking everything into account, Sir W. Siemens in 
1882, could not estimate the cost of production, in London, at a 
higher figure than nine-tenths of a penny (‘895d.). He allowed 
3} lbs. of coal per H.P.; but I think, allowing for improvements, 
that that estimate may be diminished some 30 per cent. There 
are incandescence lamps that will yield a candle-power for every 
2} watts expended; and, taking the H.P. electrical as 736 watts, 
it would thus be equivalent to the illuminating power of 294 
standard candles. The price, in London, of the gas to produce 
this illumination for one hour may be estimated at about 2}d. ; 
and in London gas is cheaper than iu most other localities. It 
was natural that figures analogous to these should arouse sanguine 
auticipations in the electrical engineer— 


And duller should we be than the fat weed 
That rots itself in ease on Lethe’s wharf 
Were we not moved at this. 


But when, in this country and elsewhere, the requirements for 
domestic electric lighting came to be practically considered, it 
was found on the one hand that—in spite of the capabilities of 
the individual celebrated amongst our Parisian confréres as le 
jardinier de M. Preece—no private individual would, as a rule, 
willingly incur the prime outlay, trouble, and comparative expense 
of a small steam or gas engine and a dynamo machine; and, on 
the other hand, that the cost and difficulty of laying down leads 
to supply even a populous district with electrical power from a 
central station was a very serious consideration. After 1882, 
when electric lighting was made a stalking-horse by the worst 
sort of company-promoter, it was clearly seen that this mode of 
supply, involving an investment of capital even larger than that 
which had gradually been made in gas, would be out of the 
question for many years to come. I have no doubt that a system 
of distribution from a central station will ultimately be adopted 
to a large extent—but this will not be, I think, in the lifetime of 
those of us who have passed the middle-age; nor do I think that 
the distribution of electrical power from central stations will at 
any period altogether supersede the method of distribution, by 
means of elements in which electrical energy has been stored, to 
which I shall presently advert. 

The electro-chemical means at present available for the storage 
of electrical energy cannot, either from a scientific or a practical 
point of view, be regarded as perfect: and it seems certain that 
they will be considerably improved in future years. The trite 
saying that the storage battery is still in its infancy is perhaps 
not inapplicable; but it would be a mistake to ignore the fact 
that important improvements have been made in this apparatus 
since (seven years ago) the cell of Gaston Planté was first modified 
by Camille Faure. Under the headings of “ yaresa ¢ Capacity ” 
and ‘“ Weight per Horse-power-hour,” I have jotted down princi- 
pally from my note-book, in tabular form, some figures, subject to 
correction and amplification, which in some measure illustrate 
this improvement, although there are other points of equal import- 
ance which require to be taken into account. ‘The “lithanode” 
mentioned in these tables was the subject of a paper which I read 
at the British Association Meeting at Birmingham, and which will 
be found in the Exectricat Review of September 17th, last 
year. It is peroxide of lead (with more or less sulphate of the 
metal) in a coherent and highly-conductive form, having generally 
a specific gravity between 7°5 and 7:9. I shall have occasion 
again to refer to this material presently. There are specimens on 
the table. 


Taste I, 
StroraGe Capacity oF vaRIous SECONDARY CELLS. 


Per lb. of Pb. | Per kilo. of Pb, 
Name of ccll. wats Authority. 
Foot Ibs, hours. 
12,000 4°52 3,664 10 
| 18,000 6°78 5,495 15 
E.P.S. L plates | 48,000 (?)| 18°09 (?)| 14,600 (?)) 39°8 (?)| Howard. 
(| (?) Hospi- 
36,080 13°6 11,010 30 talier. 
» nom.) oe §| 
22 1b. cell 5 |34800 | 12 9,540 (26 Gerald. 
(old form) ... § 6,688 spectus. 
Lithanode bat- ) | Fitz- 
tery (old > | 39,798 15 12,110 33 i| Gerald 
Lithanode bat- ? 
tery “Union” 5 47,170 178 14,671 39°16 | G. Forbes. 
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Tas_e II, 


WEIGHT PER HorsE-PowER Hour CAPACITY OF VARIOUS 
SEcOoNDARY BATTERIES. 


| Elements one. | Cell complete. 


Name of battery. Authority. 
| Lbs. | Kilos. | Lbs. | Kilos. | 
| |. {896 {190 | Reynier. 
E.PS.L plates 110 | 50. Reckonzaun. 


Rey- ( Zinc posve. | 50°6 | 23 
nier ? Planté form | 105 47°6 


135 Fitz-Gerald. 
| 53°4 | R. Tamine. 


Idem. 


(old form) ...... } 42 191 | 76 345 Fitz-Gerald. 
Lithanode battery.) 42 | 19 | 70 | 31:5 | G. Forbes. 


“Union” cell... § 


In Table I., I have taken the liberty of placing a note of inter- 
rogation after the values, relating to the storage capacity of the 
plates formerly manufactured by the Electrical Power Storage 
Company, taken from the paper read by my friend and old pupil, 
Mr. F. G. Howard, in June, 1885, at a meeting of Students at the 
Institute of Civil Engineers. No doubt Mr. Howard referred to 
the total storage capacity, instead of the useful capacity, of these 
plates; but even in this case the value given would seem to be 
much too high. Certainly the plates now issued by the Electrical 
Power Storage Company are at least equal to those manufactured 
by them two years ago; and at the present moment the useful 
storage capacity claimed by them per lb. of battery is, I believe, 
3 ampére-hours on a rough average. In the smaller cells this 
value may be surpassed—in the larger it is scarcely attained. The 
present ‘‘ thin-plate” Electrical Power Storage cells have a 
capacity of 2°8 ampére-hours per lb. of battery. In practice, as 
for instance at the Colonial and Indian Exhibition, this value, we 
know, is not always even approached. Now, taking the high 
value comparatively of 3 ampére-hours per lb. of battery, the 
H.P.-hour cell would weigh 129 1b. But, according to the values 
Ihave called into question, 41 lb. of lead in the battery would 
suffice to produce the H.P.-hour ; and this lead would constitute 
only one-third of the total weight of the battery—a ratio which 
is far too small, and requires to be increased to at least one- 
half, which is the reductio ad absurdum of the high figures put 
forward by Mr. F. G. Howard. 

A high ratio of stored energy to weight is not always the most 
important consideration in a reversible lead battery ; and the few 
data I have collected in tabular form would have been of greater 
interest if I had specified in each case the rate of discharge, since 
it is well known that the useful capacity becomes diminished as 
this value is increased. I will to some extent remedy the omission 
by stating, in regard to the lithanode battery, that when the rate 
of discharge is about ‘446 ampére per lb. of plates, or ‘257 ampére 
per lb. of battery, the useful capacity may be as high as 9°32 
ampére-hours per lb. of plates, or 5°3 ampére-hours per lb. of 
battery. But, when the rate of discharge reaches “64 ampére per 
Ib. of plates, or ‘36 ampére per lb. of battery, then the useful 
capacity falls to 8-6 ampére-hours per Ib. of plates, or 4°8 ampére- 
hours per lb. of battery. These figures do not by any means re- 
present the recent results obtained by the Union Company. I 
have just been informed, however, that the figures I have given 
are not considered applicable to the “ Union” cell, and that the 
results obtained in recent experiments are expressed by the 
following table. 


Union CELL. 


Rate of Discharge. | Capacity. 


Amperes per Ib, of Ampere-hours per Ib. 
| Plate. Cell. | Plate. Cell, 
| “41 9-2 55 

53 | 71 43 

“72 62 37 

15 9 55 


Whatever may be said of the lead storage battery itself, it is 
quite certain, I think, that our electro-chemical knowledge in 
relation to it is “in its infancy.” We should be thankful even 
for small mercies in this direction, for very few electricians or 
electro-chemists have given any real attention to the matter, 
which is one of vital importance to progress. But we should be 
specially grateful to Dr. J. H. Gladstone and to the late Mr. 
Alfred Tribe, who gave a great deal of careful labour to “The 
Chemistry of the Secondary Batteries of Planté and Faure.”* I 
am glad to say this before criticising, to the best of my ability, 
some of their conclusions from which I venture to differ—or to 
imagine that I differ. 


* Their work, under this title, is published by Macmillan. 


In the first place there is a little matter—possibly a lapsus— 
of no great importance perhaps in itself, but which seems to me 
of importance by reason of the detestation in which I hold any- 
thing in the form of “ white sulphate ’”—non-conducting sulphate 
—in the negative element of a lead storage cell. ‘“* White sul- 
phate” is the only thing I will not forgive in a battery, and I 
often deprecate the maker of an element containing such an 
article. In their little work, under the above-mentioned title, 
Messrs. Gladstone and Tribe propound the following question and 
answer: “In a Plante or Faure battery, the mass of peroxide 
which is in contact with the (negative) metallic lead plate 
expends its energy slowly. How comes it to pass that if the same 
mass of peroxide be brought into connection, through the first lead 
es with another lead plate at a distance (in the same electro- 
yte) it expends its energy, through the greater length of sulphuric 
acid, in a tenth or a hundredth part of the time? The answer 
. . .. is doubtless to be found in the formation of the insoluble 
sulphate of lead, which clogs up the interstices of the peroxide, 
and, after a while, forms an almost impermeable coating of high 
resistance between it and the first metallic plate.” Now it 
appears to me that this suggested explanation involves a miscon- 
ception as to the conditions which are favourable to the passage 
of the local current, of which the direction is from the metallic 
support to the peroxide through the electrolyte and from the 
peroxide to the metallic support by simple conductive contact. 
Not that the resistance (electrolytic) between the supporting 
plate and its peroxide is common both to the local circuit and 
tothe main circuit ; for there must be a simple conductive contact 
between the plate and the peroxide at one or more points 
(otherwise the detached layer of peroxide would become 
inactive, and there would be no current in either circuit), and 
the main current would pass wholly through this contact— 
as indeed would the local current in its passage from the peroxide 
to the support. But it is evident that the local current, under 
the given electromotive force, will be inversely as the sum 
of the resistances in its circuit, and that one of these resistances 
—that which opposes its passage from the peroxide to the 
support—must be small (since otherwise the main current 
would be impeded). The remaining resistance in the local 
circuit—that which opposes the passage of the local current from 
the lead support to the peroxide through the electrolyte—must 
evidently be very considerable in order to comply with the 
conditions under which the current in the main circuit may be 
ten or a hundred times greater than that in the local circuit. In 
my view, the electrolytic resistance in the local circuit would be 
diminished instead of augmented, by interposing even an almost 
impermeable (but more or less moist) coating of sulphate of lead 
between the peroxide and its support, excepting at one or more 
points where the peroxide and the lead would be in perfect contact. 
To maintain perfect unbroken contact everywhere between the 
layer of peroxide and the lead supporting plate, would, I think, be 
the best means of diminishing local action, by augmenting the 
electrolytic resistance in the local circuit. And this, in substance 
was the burden of the paper read by Messrs. Drake & Gorham 
at the British Association last year.* The clogging up of the 
interstices in the peroxide might, I am ready ‘o admit, be 
beneficial, provided this unbroken contact were maintained. It 
may be observed, however, that the suggested explanation 
appears to be further disproved by the figures given by the 
authors of the work referred to (p. 6). During the first two 
hours, when the quantity of sulphate formed is a minimum, the 
quantity of peroxide reduced by local action is only 3°6 per cent. 

r hour. In the next hour, when the quantity of sulphate must 

ave augmented, the percentage of peroxide reduced is shown to 
be nearly 8; and in the following hour it rises to about 10. 

Passing to a matter of more general importance, the equation 
given by the writers I have named as applicable to the batteries 
of Planté and of Faure—and presumably also to all lead secondary 
batteries with the same electrolyte—is substantially as follows :— 


Pb 0, + 2H, SO, + Pb = PbO + H, SO, + Pb SO, + H, 0. 


The compounds bracketed together react, however, upon each 

other, so that the final result may be expressed by 
Pb O, + 2 H, SO, + Pb = 2 Ph SO, + 2H, 0; 
the final result being sulphate of lead on both plates. 

This equation is very simple, and has been generally accepted 
as entirely satisfactory. As an expression merely of the chemical 
results observed, after a certain percentage of the peroxide has 
become reduced, it is perhaps unassailable. As an _ electro- 
chemical equation, applicable during the whole period of the 
discharge ot a lead secondary battery with the given electrolyte, 
it is impossible, I think, to accept it. It is not the old fallacy— 
recently protested against by Mr. Swinburne, and which is~to be 
found in this equation—of supposing that water, and not an acid 
or a salt, is the electrolyte in the voltaic battery, that I have now 
to dwell upon. I will endeavour to lay before you the other 
difficulties I have found in the way of its acceptance. 

But in the first place it will be expedient to consider whether 
there has been any intention of putting forward or accepting the 
above formula as an electro-chemical equation, expressing the 
reactions on which the efficiency of the battery is dependent. 
Has there actually been any assumption that the whole of the 
peroxide is, or may be, converted into sulphate of lead? that a 
large proportion of isolated sulphate of lead—“ white sulphate ”— 


* «On the Treatment of Secondary Batteries.” 
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is necessarily produced in discharging the battery? that the 
reduction of the peroxide takes place, not in two or.more stages, 
but continnously ? and that the electromotive force of the battery 
is independent of the quantity of sulphate which has been pro- 
duced from the peroxide? Because,if not, I might be setting 
up imaginary antagonists and incurring unnecessary trouble in 
endeavouring to overcome them. 

The authors of the work already referred to make use of the 
expression given above: ‘“ The final result being sulphate of lead 
in both plates.” Dr. Gladstone, moreover, has explained that, 
“When we stated that sulphate of lead is finally the only product 
of the discharge, we were referring to the disappearance of any 
peroxide, and did not mean to imply that in actual practice the 
whole of the spongy lead is usually converted into sulphate.” 
Mr. Tribe, in The Electrician of July 10, 1885, wrote that ‘‘ One 
of the conclusions was that both the peroxide of the negative 
plate and the finely-divided lead of the positive were converted 
into lead sulphate during Gischarge.”” Mr. George F. Barker, in 
his paper read at the Montreal meeting of the American Associa- 
tion for the Advancement of Science, says: ‘My experiments 
with the Faure battery contirm entirely those of Gladstone and 
Y'ribe as to the formation of lead sulphate.” ‘‘ On examining the 
plates, lead sulphate formed the entire coating upon both of 
them.” Mr. C. 'T. Kingzett states that “ As fast as the monoxide 
of lead, produced by reduction at the negative pole during 
discharge, forms, it is converted into sulphate. Upon complete 
discharge then there remains two supports of lead coated with 
sulphate of lead.” And Prof. Oliver Lodge says: ‘“ The use of 
peroxide alone (without any support of lead) looks hopeful ; 
but, when the cell is discharged and the peroxide reduced, the 
plate will no longer be a conductor—and it does not appear 
probable that such a cell could ever be charged up again.” This 


conclusion, I may here state, is most emphatically disproved by~ 


the “lithanode” battery plates now before you, most of which 
have been charged and discharged—down to the potential of 
1'8 volt—a great number of times, without losing their conduc- 
tivity or exhibiting the smallest patch of “ white sulphate.” 
| Samples of exhausted plates were handed round. | 

Mr G. F. Barker further observes that, “Obviously, so long as 
any peroxide is present, the electromotive force is constant.” 
The same experimenter also makes the following very suggestive 
note, showing that one at least of his cells had been, apparently 
accidentally, worked upon an improved system. He says: “In 
one of my Planteé cells, the peroxide is beautifully crystalline and 
very hard. Nota trace of (free) sulphate has been formed in it, 
apparently, though it has been in use for six months, and has 
been frequently charged and discharged during that time.” 

On the other hand, Messrs. Gladstone and 'l'ribe state (loc. cit. 
p. 32), in relation to the negative plate :—“ At the conclusion of 
the action, we have always found more or less of the substance 
unaltered. ‘Thus, as one instance, after a discharge lasting five 
days, and approximately complete, we found that only 68 per cent. 
of the deposit was lead sulphate.” And Mr. J. Swinburne (in 
The Electrician of July 10, 1885) makes an important observation 


in the same direction. He says: ‘The appearance of the coating. 


of an ordinary discharged peroxide plate does not prove the 
absence of sulphate, for only a very small proportion can be sul- 
phate. Some years ago, when I made a large number of experi- 
ments on batteries, I found that in no case more than six or seven 
percent. of the coating is used, even when the cell is completely 
run down. ‘The expansion of the peroxide of lead in becoming 
sulphate perhaps blocks the coating up.” 

Let me at once observe that it Mr. Barker were right in stating 
that the E.M.F. is constant so long as any peroxide is present I 
should have less difficulty in accepting the above-mentioned 
formula as the electro-chemical equation applicable to lead 
secondary batteries. But, like Mr. Swinburne, I have found that 
long before the whole of the peroxide is exhausted the E.M.F. has 
fallen practically to zero. If the formula be true, as the electro- 
chemical equation of the battery, why should there be any fall in 
the electromotive force before the peroxide is exhausted? Is it 
because the peroxide becomes “ blocked up” or clogged, or so 
diluted by the inert material, that the support or contact piece 
becomes rapidly “polarised’’ by hydrogen? If so, the formula 
may be true. Buton open circuit, when there can be no polarisa- 
tion, and with a strip of solid peroxide without support, we should, 
if the formula be true, obtain the full E.M.F. corresponding to 
the nature of the chemical reaction indicated by it. We should 
expect this so long as any peroxide remained—certainly when 
only 4 per cent. of the quantity originally present had been con- 
sumed. 

For, a true “ battery equation ” is of course independent of the 
resistance of the circuit, and indicates a definite E.M.F. Con- 
versely, if the E.M.F. alters—temperature and certain other 
conditions remaining the same—we know that the given battery 
equation no longer applies, that the original chemical reaction 
has given place to or has become complicated by another chemical 
reaction. 

I take two strips of platinum, to be used as negative elements 
with a positive spongy lead in an electrolyte of dilute sulphuric 
acid. One platinum strip (A) I coat with a paste of electrolytic 
peroxide of lead; the second strip (B) I coat with a paste com- 
posed of one part of electrolytic peroxide of lead and one and one- 
third part of sulphate of lead (equivalent weights, roughly), 
mixed together and with water. The couples are circuited, con- 
secutively, through 60,000 ohms and a reflecting galvanometer of 
high resistance. The A couple, as soon as the negative becomes 
moistened by the electrolyte, gives a steady deflection of 130 


divisions, corresponding to an E.M.F. of about two volts. I 
short-circuit this connie for 30 seconds, or for ten times this 
period—of course the deflection falls to zero; but, when the short- 
circuit is broken, the spot of light moves back to 130 within a few 
seconds. The B couple, which contains sulphate of lead in addi- 
tion to the peroxide, gives 128 divisions, falling steadily, within 
a few minutes, to 72 divisions, corresponding to rather more than 
one volt (this through a resistance of over 60,000 ohms). I short- 
circuit this couple for one second: on breaking the short-circuit 
the deflection is 20 divisions, becoming in five minutes 67 divi- 
sions. A strip of plain platinum gave a deflection of 56 divisions, 
falling in five minutes to 42. It must be admitted that the result 
obtained with B was somewhat better than this ; nevertheless, the 
effect of the sulphate in reducing the efficacy of the peroxide is 
sufficiently striking. 

Still more so is its effect in the case of solid peroxide (lithanode), 
not in contact with any other simple conductor within the elec- 
trolyte. But in order to judge of the effect in this case, we must 
be able to analyse the lithanode chemically at the outset, and 
also when the E.M.F. between it and the spongy lead has fallen to 
any given extent. 

A convenient and, with due care, an accurate method of deter- 
mining the percentage of lead peroxide in “lithanode,” or any 
other active material containing this oxidant, is to add cautiously 
the finely powdered material to the solution of a known weight 
of crystallised protosulphate of iron, acidulated with somewhat 
more than half an equivalent of hydrochloric acid, until the solu- 
tion no longer gives a blue coloration with a drop of potassic ferri- 
cyanide solution, or red prussiate of potass. It is advisable to 
triturate the powder in a mortar containing the acidulated ferrous 
solution at a vemperature over 100° Fah. Of course it is generally 
possible, especially after a rough preliminary trial, to add at once 
sufficient of the powder to nearly convert the whole of the ferrous 
salt into ferric salt ; afterwards, the powder is added in minute 
portions until the blue coloration is no longer produced. If too 
much of the powder be added, free chlorine and a distinct brick- 
red coloration are observable. In regard to the numerical data, 
7°8 grams of the ferrous salt (Fe SO, 7 H,O) are equivalent to 1 
gram of chlorine or to 3°36 grams of Pb O,. 

I took a fragment of one of my old lithanode plates (marked X), 
of which the capacity was about 16 ampére-hours (at a potential 
not lower than 1°8 volt), and found by the above method that it 
contained 70°7 per cent. of Pb. O.. I then made use of another 
similar fragment of the plate as a negative element, until the 
difference of potentials between it and spongy lead fell to 1°8 volt. 
This fragment having been washed, and slowly dried at a low 
temperature, was reduced to powder and found to contain 55 per 
cent. cf the Pb O, originally present. Only 222 per cent. of this 
quantity of peroxide had become reduced, 77°8 per cent. was 
apparently unaffected: and yet the reaction upon which the 
E.M.F. is dependent had become in some way modified, since the 
electrometric indication on open circuit had undergone a perma- 
nent diminution to the extent of about 10 per cent. Let us 
examine this result. 

The weight of peroxide present in one pound avoirdupois of the 

original plate was ow 
to the extent of no longer giving with spongy lead an E.M.F. 
above 1°8 volt, 1 lb. of the plate will lose 2°5 oz. of peroxide. To 
what number of ampére-hours does this weight of peroxide corres- 
pond ? 

The ampére-hour equivalent for silver, according to Lord Ray- 
leigh’s latest determination, is 62°137 grains; this equivalent for 
peroxide of lead would therefore be :— 

239 (i.e., mol. wt. of Pb Oz) 
« (i.e., twice at. wt. of Ag.) 

Now the number of grains in 2°5 ounces avoirdupois being 
25 x 4387°5 = 1,094, the number of ampére-hours corresponding 
to 2°5 ounces of Pb Os, or to 1 Ib. of the “ X ” lithanode will be— 


1,094 
68°75 


It may be admitted, therefore, that when, as in the case of 
lithanode, local action in the negative element is entirely elimi- 
nated, the yield of the battery in ampére-hours is strictly propor- 
tionate—as might have been anticipated by theory—to the 
quantity of peroxide reduced in each cell. 

This experimental result is interesting from other points of 
view than that of the electro-chemical equation of the lead storage 
battery. From the present standpoint of practice, 16 ampére- 
hours of useful capacity per pound of negative element is a 
splendid result. With lithanode of more recent manufacture it 
has been surpassed ; but it has never, I think, been approached 
with any other form of negative element. And yet, from the 
theoretical standpoint, what a poor result : two-and-a-half ounces 
of peroxide utilised in one pound of negative plate containing 
eleven-and-a-third ounces of the peroxide! It is not likely that 
we shall stop here: I, for one, do not intend to stop here: there 
is ample room for further improvement. 

It might perhaps be expected that I should suggest a battery 
formula in substitution for that to which I have objected. I am 
sorry that I am unable to do so, or even with any degree of con- 
fidence to attempt an explanation of the fact that so large a per- 
centage of the peroxide present in a negative element should 
remain useless and inert for all practical purposes. I have thought 
it possible that the residual peroxide of lead might be in a state 


= 0z. In becoming exhausted 


68°75 grains. 


= 15°9. 
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of combination, that a comparatively inert sesquioxide of lead 
might be formed according to the equation 


2 PbO, + 2H, SO, + Pb = Pb, O, + Pb SO, + H, SO, + H, 0. 


But although this view, on the assumption that the sesquioxide 
formed may resist or be protected from the action of the sulphuric 
acid present in the electrolyte, may explain the recovery of 
apparently exhausted plates when they are left in contact with 
the acid, I have not been able to bring it into general accord- 
ance with the results of experiment and with those ob.ained 
by chemical analysis. It should be mentioned, However, that, 
although the equation is in opposition to the experimental results 
obtained by Gladstone and Tribe, this view is in some measure 
at least confirmed by those obtained by Shenck and Farbaky. 
These investigators found that, in charging a lead secondary cell, 
223 grams (34426 grains) of H, SO, become liberated per 
ampére-hour current; and that, in the discherge of the cell, 
2:25 grams (34736 grains) of the acid enter into combination. 
Now the ampére hour equivalent of sulphuric acid is 1°826 grams 
(28°192 grains) ; and we may assume that at least this quantity 
enters into combination with the spongy lead positive in. the 
production of the ampére-hour current. There would remain, 
therefore, only 34736 — 28°192 = grains of H, SO,, or -23 
of the equivalent, to combine with monoxide of lead reduced 
from the peroxide in the negative element. The ampére hour 
equivalent weight of oxygen would be derived from this element, 
an ampere hour equivalent of lead monoxide would be produced ; 
but only :23 of the latter equivalent would become converted 
into sulphate, leaving ‘77 of the equivalent in admixture or in 
combination with residual peroxide of lead. 

Having had some experience of the behaviour of sulphate of 
lead when used as a depolariser in batteries of small E.M.F., I 
have thought it possible also that this salt might undergo an 
initial effect of reduction; but this view again has not been con- 
firmed by any experiments I have been able to make. What 
is required is discussion on these matters; this will probably 
provoke other suggestions which may lead to the extension of our 
knowledge. 

I fear I have already trespassed too far upon your attention ; 
but I have yet to submit to your consideration, as briefly as may 
be, a scheme for the supply to private householders, who may be 
desirous cf adopting the electric light on a small scale, of the 
electrical energy necessary to realise their wish. This would be 
supplied from central stations (but without any outlay for 
insulated conductors beyond the “ wiring”’ of the actual domiciles 
to the extent rendered necessary by the number and position of 
the lamps required) in the form of charged plates—the positives 
being conveyed in a closed receptacle and in a damp condition, 
and the negatives in a dry state. Sulphuric acid also would be 
required ; the quantity per H.P. hour electrical being, according 
to the accepted theory, 3°12 lb. of H, SO,. I think, however, 
that it will be found that considerably less than this quantity— 
say 2 lb. of the strongest commercial acid—will suffice. This acid 
would be supplied by the carboy; and a measured quantity 
would be added to each cell when the exhausted elements are 
replaced by fresh ones. 

For each H.P. hour electrical supplied—corresponding, we will 
say, to three 20-candle lamps maintained incandescent for five 
hours—we should have, in the stage which the practical solution of 
the problem has at present reached, to transport about 40 Ib. of 
battery plates. It may be safely said that the total weight to be 
transported will be under 45 lb., and I hope that before long this 
weight will be considerably reduced. The maximum distance to 
which this weight would require carriage would probably be under 
half a mile—for it would be more economical to multiply stations 
than to augment this distance. On the return journey, the 
exhausted plates and their receptacles, practically the same in 
weight, would have to be conveyed, 

One ton weight of plates distributed would correspond to at 
least 56 H.P. hours electrical. The question is, what would be the 
cost, under conditions of practice which admit of considerable 
latitude, of distributing this weight of material? Upon the 
answer to this question depends the extent to which this system 
of distributing electrical energy could be commercially developed. 
A small percentage of the general public, if safeguarded from all 
trouble, would be willing to pay even as much as Is. per H.P. 
hour electrical. A very large percentage indeed, I am convinced, 
would pay 4d. for the same quantity of available electrical energy. 
Anywhere between these two limits a considerable amount of 
business might probably be done. Nothing but an actual trial of 
the system, on a small scale perhaps, but extending over a con- 
siderable period of time—so as to give some scope to the capacity 
for organisation, which has accomplished such marvels in our 
postal department—will give a conclusive answer to the above 
question. It is easy to suggest figures which would show the 
system to be absurdly impracticable ; but, as I have elsewhere 
observed, it would be easy also on the same lines to show that the 
milkman, who, anywhere in his district, will send horse and cart, 
man and can, to deposit even a ha’p’orth of milk at the area door, 
must be financially in desperate case. But there may be some, 
here or elsewhere, who have had experience of work analogous to 
that which I have in contemplation ; and their opinion, as well as 
the suggestions they might possibly offer, would be entitled to 
respect, and might be of considerable value. 

In reading over what I have written, I find I have not said any- 
thing as to the spongy lead positive element of the lithanode 
battery, because the main difficulties—the real points of import- 
ance—to be overcome have been in the negative element of the 


couple, which is often erroneously termed the positive elemeut or 
plate, because it happens to be the positive electrode in charging 
the battery. To manufacture an efficient positive from the litha- 
node unconverted material or otherwise, was comparatively an 
easy matter; and there is a choice of several positive elements 
which leave little or nothing to be desired. 

I would draw your attention to the two electroliers consisting 
of five lamps each, which are before you. They were made by 
Messrs. Faraday, and the lamps are supplied by 14 cells, weighing 
about 10 Ibs. each, and having a charging capacity of ? H.P.- 
hour. 


The discussion was commenced by 

Dr. J. H. GLApstonr, who replied to Mr. FitzGerald’s comments 
upen the work of himself and Mr. Tribe. In regard to the lapsys 
in connection with the question of local action, he assured Mr. 
FitzGerald that if the ‘white sulphate” had not eristed, the 
Planté or Faure battery would have never been known, and that 
it really was a friend as wellas an enemy. No doubt a miscon- 
ception in regard to local action had arisen from the example 
given in the book aot being in sufficient detail. The peroxide 
did not touch the lead plate at merely one or two points, but 
really presented, as shown by the microscope, a roughened surface 
with millions of points of contact and intervals, the whole being 
wet with dilute sulphuric acid. There was not a symmetrical flat 
plate of peroxide by any means, and the dilute sulphuric acid 
permeated the whole of it, and caused a thin coating of sulphate 
of lead to be partially deposited on the metallic plate, and so 
impeded the action of the cell. If that coating of sulphate 
covered the whole surface of the plate, its action would not only 
be diminished but reduced to zero. Mr. FitzGerald’s chemical 
formula very nearly corresponded with their electrolytic formula, 
but he strongly protested against Mr. Swinburne’s stricture that 
chemists did not properly apply their knowledge to the study of 
electrical questions, but that in the book referred to it was sup- 
posed that they, Messrs. Gladstone and Tribe, had treated a salt 
as a compound of an oxide with an acid. That was a notion of 
antiquated chemistry, discarded some 30 years ago, and was not 
admitted by modern chemists. The reason why the full value of 
complete reaction was not obtained in the Faure and Planté cells 
was that the mixture of the sulphate of lead interfered to a large 
extent with the ready reduction of the oxideof lead. Mr. Tribe 
had looked very carefully for the existence of any of the lower 
oxides, but had been unable to trace any indication of them. 
Much remained to be done in connection with secondary batteries, 
at present there was nothing final in regard to the study of them, 
and much investigation had to be made, among other things, as 
to the conducting power of the mixtures employed in batteries 
intended for practical purposes. He hoped that the result of the 
labours of men who, like Mr. FitzGerald, combined a practical 
knowledge of the subject along with a knowledge of chemistry 
would be to enable a true theory to be arrived at in regard to 
reversible lead batteries. 

Mr. W.H. Preece said there was a physical side of the question 
in addition to the chemical side which had been treated by Mr. 
FitzGerald. His experience with cells for three years showed 
that by the use of hydrometers the variation of the density ot the 
solution indicated the chemical action which took place. When a 
cell was charged it reached a point of greatest density and had 
dissolved the greatest quantity of sulphuric acid. When a cell 
was discharged the sulphuric acid was transformed into sulphate 
of lead and its weight was thereby reduced. Cells that he had in 
use showed that there was a fall in the hydrometer of one degree 
for every nine ampére hours taken out, and it was perfectly easy 
to ascertain by the hydrometer what charge had been taken out, 
and what remained in, if proper readings were taken. Mr. Fitz- 
Gerald might abhor the existence of “ white sulphate,” but it was 
impossible to obtain a cell without it. Sulphating always existed, 
but he (Mr. Preece) had adopted Mr. Barber Starkey’s plan of 
using carbonate of soda* to dissolve it, and found that the 
method was very effective. 

The Prestpenrt announced that the discussion would be 
resumed at an extraordinary meeting to be held on March 17th, 
and after a ballot for new members the meeting adjourned. 


CORRESPONDENCE. 


Winding Armatures. 


I see in your last issue a method of facilitating the 
winding of small Gramme armatures where the inside 
diameter of the ring is too small to admit of the usual 
way. It certainly must be for very small affairs, as | 
have with ease wound one, with an inside diameter of 
1} inches, with 26 sections of eight turns, each section, 
and three layers in parallel. Of course it was more a 
useless model than of any practical use, even as a toy. 

For small motors, where the loss by heat-waste is 
nothing, however long they may be run, the shuttle 


* Exvectricat Review, January 21st, 1887, 
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wound armatures of Siemens’s or Prof. 8. Thompson’s 
modification of them are far more preferable. The iron 
here can be brought to within a sixty-fourth part of an 
inch from the pole-pieces. A thing that is not a loss by 
any means. Also, in very small Gramme motors made 
on the lines of much larger ones, where the saturation 
of the armature is feeble as compared with the magnets, 
the magnets seem to entirely overpower any changes of 
the position of the poles in the ring which would 
secure the necessary rotation. 

Moreover, that ring which appeared in your paper, I 
should think, was of solid iron, and it had a joint in it ; 
not good points, surely ? 


March 13th. 


F. H. Mascall. 


The Broomhill Installation. 


It would be interesting to have some further particu- 
lars of the wire which caused so much trouble to 
Sir David Salomons. Presumably, it was covered wire ; 
and, if so, with what material or materials ? How was 
it attached to the walls, and were the latter white- 
washed ? Was there a returu wire, and did both suffer 
in the same way ? 


March 12th, 1887. 


B. P. 


An Experiment. 


If I take the glass globe of an incandescence lamp, 
the filament of which has been over heated and broken 
by an excessive current, and heat it over a Biinsen 
burner till the glass becomes flexible, how should it 
behave. If it bulges outwards and finally explodes 
with a report, what inference is one to draw therefrom ? 


W. A. B. 


[Probably the bulb had become slightly leaky and 
the vacuum thereby impaired, and the heat causing the 
expansion of any air or gas inside would make the 
glass bulge outwards.—EDS. ELEC. REV.] 


The Brighton Central Station. 


Referring to the article in your last issue on our 
central electric lighting station, which, by the bye, has 
been in operation for more than six years, having been 
started in 1881, you express a doubt as to my being 
sufficiently alive to the importance of secondary 
batteries in securing absolute immunity from in- 
terruption of lighting. But when you learn that during 
some parts of the evening nearly all of our five circuits 
are supplied with electricity at a pressure of about 
2,000 volts, you will understand how utterly im- 
practicable it would be for us to use secondary batteries, 
chiefly because of the enormous number that would be 
required. 

With regard to meters, I may say that we have sup- 
plied the electric light by meter for the last five years, 
and have never had any substantial doubt thrown on 
their reliability, they depending on Faraday’s well- 
established law, viz., the deposit of metal from an 
electro-plating solution being proportional to the 
quantity of electricity passed through. 

In conclusion, I may say that every one of our con- 
sumers are charged by meter at so much per Board of 
Trade unit: even the Railway Company, who can 
economise to any extent by switching off any of the are 
lamps they have installed. 


Arthur Wright. 
March 14th, 1887. 


Sir Charles Bright’s Presidential Address. 


I delayed making any answer to Sir Charles Bright’s 
attack on me, feeling sure that the remarks made by 
myself would be supported by some of your readers. 
In this I was not disappointed, for Mr. S. Alfred 


Varley’s letter fully supports my statement that Crom- 
well Varley succeeded Latimer Clark, the question 
whether he was “engineer” or “electrician” being 
beside the point at issue. Mr. Varley also gives the 
strongest evidence as regards Mr. F. C. Webb’s con- 
nection with the first Atlantic Cable; and it is a 
matter of great surprise that in his reply Sir Charles 
Bright specially ignores Mr. F. C. Webb’s connection 
with the Atlantic Cable. I have a distinct recollection 
of seeing him on board the Agamemnon superintend- 
ing the operations of taking on board the Atlantic 
Cable from the works of Glass, Elliott & Co. How- 
ever, Mr. F. C. Webb was not responsible for the 
Atlantic Cable being made in two halves each of a 
different “lay.” I acknowledge it was too much to 
attribute the main success of the Persian Gulf cable 
expedition to him. It was, as Sir Charles says, 
“simply ludicrous.” 

My other “gross mis-statements,” as Sir Charles 
Bright politely calls them, are “ respecting the experi- 
ments on underground wires;” the underground 
wires of the Magnetic were not laid Jong before those 
of the Electric Company, they were laid only just 
before ; this, of course, is a matter which can be easily 
verified ; but as regards the question whether the 
experiments carried on by Sir Charles Bright were 
made before those of Latimer Clark, the following 
extracts may shed some light. In the “ Introduction 
to the Abridgment of Specifications” relating to elec- 
tricity will be found the following interesting items : 

* 1852. Mr. Latimer Clark, in April 1852, noticed 
the phenomenon of the slow transmission of electric 
currents through submerged wires. 

“1854. Dr. Faraday communicated the results of his 
enquiries respecting the Leyden Jar charge of buried 
electric conducting wires to the members of the Royal 
Institution on January 20th, 1854; he then showed 
that the electric currents which he employed travelled 
at the rate of only 750 miles per second along buried 
wires.” 

This paper is founded on the experiments carried 
out in 1853 by Mr. Latimer Clark, assisted by Mr. W. 
H. Preece, and which were witnessed by Professor 
Faraday. 

Allusion was recently made by Mr. W. H. Preece 
to these experiments in his paper before the Royal 
Society, just read, and also at the meeting of the Society 
of Telegraph-Engineers and Electricians on the 10th 
February last, when he stated :—* He had assisted Mr. 
Latimer Clark to carry out experiments upon which 
that law was based as early as 1853, and Prof. Faraday 
also related the same experiments in his ‘ Researches.’ ” 
The question really is, did Sir Charles Bright antici- 
pate these experiments or not? Oddly enough, I have 
within the last few days received the “ Electricians’ 
Directory,” and, turning over the “biographical 
section,” I find the following under the heading of 
“ Sir Charles Bright” :—“ In 1852 he became engineer 
to the Magnetic Telegraph Company.” “In 1854 he 
engaged in an extended series of experiments upon the 
retardation experienced in subterranean and submarine 
conductors, &¢c.” In my letter I remarked: “These 
were, if I recollect rightly,” alluding to the 1853 ex- 
periments, “anterior to those of Sir Charles Bright,” 
and unless some other proof is adduced than the well- 
known fact that the Magnetic wires were laid a short 
time before those of the Electric Company’s, I see no 
reason to alter my remarks. 

There are, I may say, with Mr. Willoughby Smith, 
several other points in connection with Sir Charles 
Bright’s address which may be touched upon, but “ cui 
bono.” If I write anonymously I am accused of “ gross 
mis-statements,” and if I sign my name probably no 
notice would be taken, as in the case of other corres- 
pondents. However, I see nothing to alter the correct- 
ness of the remarks I made. Assuring you that I am 
happy to say that I was never in the employ of Sir 
Charles Bright, and apologising for occupying so much 
of your space, I am, &c., 

Manchester. 


March 15th, 1887. 


—— 
| 
4 
} 
3 
| 
ud 
¥ 
| 
| 
} 
} 
. 


